Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  Hbrary  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http  :  //books  .  google  .  com/| 


^  2. /  0  0^ 
A5-|  3 


'  1\IXXJ^- 


'««*^"?^»„ 


THE  AMERICAN   SOCIETY  OF 
MECHANICAL  ENGINEERS 


TRANSACTIONS 

VOLUME  33 


PITT8BDRGH  MEETING 

NEW  YORK  MEETING 

1911 


NEW  YORK 

PUBLISHED  BY  THE  SOCIETY 

29  West  39th  Street 

1912 


i  I 


\    I 


COPTBIGHT  1912  BT 

THE  AMERICAN  SOCIETY  OF  MECHANICAL  ENGINEERS 


1 


•  ••• 

•  •   • 

•       •• 


•  •    *• 


-  :  ♦  .  • 

•   •    ••  . 


•  ••  •_•    •    ••• 

•    «••    •  •     • 

•*•/•  ••    • 

.  V         •      •      •  ■ 


OFFICERS 

THE  AMERICAN  SOCIETY  OF  MECHANICAL 

ENGINEERS 

1911 

FORMING  THE  STATUTORY  COUNCIL 

PRESIDENT 
Edwabd  Daniel  Mbibb New  York 

VICE-PRESIDENTS 

Chables  Whitino  Bakbb New  York 

W.  F.  M.  Goss Urbana,  111. 

Alex.  C.  Humphbbts New  York 

Terms  expire  at  the  Annual  Meetlnc  of  1011 

Geoboe  M.  Bbill Chicago,  111. 

B.  M.  Hebb East  Pittsburgh,  Pa. 

H.  H.  VAaoHAN Montreal,  Canada 

Tenni  esplre  at  the  Annual  Meeting  of  1012 

PAST-PRESIDENTS 

Memben  of  the  Council  for  1011 

Feed.  W.  Tatlob Philadelphia,  Pa. 

F.  R.  HuTTON New  York 

M.  L.  HoLMAN St.  Louis,  Mo. 

Jesse  M.  SiirrH New  York 

Geobge  Westinghousb Pittsburgh,  Pa. 

MANAGERS 

H.  L.  Gantt New  York 

I.  E.  MouLTBOP Boston,  Mass. 

W.  J.  Sando Milwaukee,  Wis. 

Terma  expire  at  Annual  Meeting  of  1011 

H.  G.  Stott New  York 

James  Habtness Springfield,  Vt. 

H.  G.  Reist Schenectady,  N.  Y. 

Terma  expire  at  Annual  Meeting  of  1012 

D.  F.  Cbawfobd Pittsburgh,  Pa. 

Stanubt  G.  Flaqg,  Jb Philadelphia,  Pa, 

E.  B.  Katte New  York 

Terma  expire  at  Annual  Meeting  of  1013 

TREASURER 
William  H.  Wiley New  York 

CHAIRMAN  OF  THE  FINANCE  COMMITTEE 
RoBEBT  M.  Dixon New  York 

HONORARY  SECRETARY 

F.  R.  HuTTON New  York 

SECRETARY 
Calvin  W.  Rice 29  West  39th  Street,  New  York 

V 


PAST  PRESIDENTS 

R.  H.  Thubston 1880-1882 Died  October  25,  1903 

E.  D.  Lbavitt 1883 Cambridge,  Mass. 

John  E.  Sweet 1884 Sjrracuse,  N.  Y. 

J.  P.  HoLLOWAY 1885 Died  September  1,  1896 

Coleman  Seliebs 1886 Died  December  28,  1907 

Gbobge  H.  Babcogk 1887 Died  December  16,  1893 

HoBACE  See 1888 Died  December  14,  1909 

Henby  R.  Towne 1889 New  York,  N.  Y. 

Obebzjn  Smith 1890 Bridgeton,  N.  J. 

Robebt  W.  Hunt 1891 Chicago,  III. 

ChablesH.  Lobing 1892 Died  February  5,  1907 

EcxiJBY  B.  CoxE 1892-1894 Died  May  13,  1895 

E.  P.  C.  Davis 1895 Died  August  6,  1895 

Chables  E.  Billings 1895 Hartford,  Conn. 

John  Fbitz 1896 Bethlehem,  Pa. 

WoBCESTEB  R.  Wabneb 1897 Cleveland,  0. 

Chables  Wallace  Hunt 1898 Died  March  27,  1911 

Geobge  W,  Melville 1899 Philadelphia,  Pa. 

Chables  H.  Mobgan 1900 Died  January  10,  1911 

S.  T.  Wellman 1901 Cleveland,  0. 

Edwin  Reynolds 1902 Died  February  19,  1909 

James  M.  Dodge 1903 Philadelphia,  Pa. 

Ambbose  Swasey 1904 Cleveland,  O. 

John  R.  Fbeeman 1905 Providence;  Tl .  I. 

« 

PAST'PRESIDENTS  AND  HONORARY  COUNCILORS 

1911 

Feed.  W.  Taylob 1906 Philadelphia,  Pa. 

F.  R.  Hutton  1907 New  York 

M.  L.  Holman 1908 St.  Louis,  Mo. 

Jesse  M.  Smith 1909 New  York 

Qeobge  Westinghouse 1910 Pittsburgh,  Pa. 

According  to  the  Constitution,  Article  C  27,  the  five  Past-Presidents  who 
last  held  the  office  shall  be  members  of  the  Council,  with  all  the  rights,  priv- 
ileges and  duties  of  the  other  members  of  the  Council. 


VI 


EXECUTIVE  COMMITTEE  OF  THE  COUNCIL 


C  D.  Meibr,  Chairman 

C.  W.  Baksb,. Ftc«-CAatrman 

H.  L.  Gantt 


F.  R.  HUTTON 

H.  G.  Rbist 
Jesse  M.  Smith 


STANDING  COMMITTEES 


FINANCE 


R.  M.  Dixon  (2),  Chairman 

G.  J.  ROBBBTS  (1) 


F.  B1.O88OM  (2),  Chairman 

B.  V.  SWBNSON  (1) 


W.  L.  Saunders  (5) 
HOUSE 


8.  D.  COLLETT  (6) 

LIBRARY 


L.  WAiiDO  (1),  Chairman 
W.  M.  McFarland  (2) 


E.  G.  Spilsburt  (5) 


MEETINGS 

L.  R.  PoMBROY  (1),  Chairman 
C.  E.  LucKE  (2) 

C.  J.  H.  Woodbury  (5) 

MEMBERSHIP 

F.  H.  Stillman  (1),  Chairman 

G.  J.  For  AN  (2) 

W.  H.  BOEHM  (5) 

PUBLICATION 

H.  F.  J.  Porter  (1),  Chairman 
F.  R.  Low  (2) 

C.  I.  Earll  (5) 

PUBLIC  RELATIONS 

J.  M.  Dodge  (5),  Chairman 
R.  W.  Hunt  (1) 

F.  J.  Miller  (4) 


W.  H.  Marshall  (3) 

H.  L.  DOHBRTY  (4) 


E.  Van  Winkle  (3) 

H.  R.  COBLEIQH  (4) 


C.  L.  Clarke  (3) 
A.  Noble  (4) 


H.  dbB.  Parsons  (3) 
W.  E.  Hall  (4) 


H.  Webster  (3) 
T.  Stebbins  (4) 


G.  I.  RocKwooD  (3) 
G.  M.  Basford  (4) 


D.  C.  Jackson  (2) 
J.  W.  LiEB,  Jr.  (3) 


RESEARCH 

W.  F.  M.  Goss  (3),  Chairman  R.  D.  Mershon  (2) 

R.  H.  Rice  (1)  R.  C.  Carpenter  (5) 

XoTB — Numbeni  in  parenthMee  Indicate  number  of  years  the  member  liaa  yet  to  serve. 


Vll 


MEETINGS  OF  THE  SOCIETY 

THE  COMMITTEE  ON  MEETINGS 

L.  R.  PoMEROT  (1),  Chairman  H.  dbB.  Pabsons  (3) 

C.  E.  LucKB  (2)  W.  E.  Hall  (4) 

C.  J.  H.  Woodbury  (6) 

MEETINGS  OF  THE  SOCIETY  IN  BOSTON 

I.  N.  HoLLis,  Chairman  E.  F.  Miller 

I.  E.  MouLTBOP,  Secretary  R.  E.  Curtis 

R.  H.  Rice 

MEETINGS  OF  THE  SOCIETY  IN  NEW  YORK 

W.  Rautbnstrauch,  Chairman  F.  H.  Colvin 

F.  A.  Waldbon,  Secretary  E.  Van  Winkle 

R.  V.  Wbight 

MEETINGS  OF  THE  SOCIETY  IN  ST.  LOUIS 

E.  L.  Ohlb,  Chairman  M.  L.  Holman 

F.  E.  Bausch,  Secretary  R.  H.  Tait 

J.  Huntbb 

MEETINGS  OF  THE  SOCIETY  IN  SAN  FRANCISCO 

A.  M.  Hunt,  Chairman  T.  Morrin 

T.  W.  Ransom,  Secretary  W.  F.  Durand 

E.  C.  Jones 

MEETINGS  OF  THE  SOCIETY  IN  PHILADELPHIA 

T.  C.  McBridb,  Chairman  A.  C.  Jackson 

D.  R.  Yarnall,  Secretary  J.  E.  Gibson 
W.  C.  Kerr                                                                                    J.  C.  Parker 

MEETINGS  OF  THE  SOCIETY  IN  NEW  HAVEN 

E.  S.  C60LET,  Chairman  L.  P.  Breokbnbbidgb 
E.  H.  LocKwooD,  Secretary  F.  L.  Bigelow 

H.  B.  Sabgbnt 

SUB-COMMITTEES  ON 

TEXTILES 

Charles  T.  Plunkett,  Chairman,  Adams,  Mass. 
Daniel  M.  Bates,  Wilmington,  Del.    Franklin  W.  Hobbs,  Boston,  Mass. 
John  Eccles,  Taftville,  Conn.  C.  R.  Makepeace,  Providence,  R.  I. 

Edw.  W.  France,  Philadelphia,  Pa.      C.  H.  Manning,  Manchester,  N.  H. 
Edwahd  F.  Greene,  Boston,  Mass.      Henrt  F.  Mansfield,  Utica,  N.  Y. 

Edward  W.  Thomas,  Secretary,  Lowell,  Mass. 


Vlll 


SUB-COMMITTEES— Continued 


CEMENT 

W.  R.  Dunn,  Chairman 
F.  W.  Kbluet,  Secretary 
J.    G.   Bbboquibt 

W.   F.    COWHAM 
J.     W.  FULLSB,  Jb. 

L.    L.  Gbiffiths 

E.  M.  Hagab 
Lbigh  Hunt 

MACHINE  SHOP  PRACTICE 

F.  E.  Rogbbb,  Chairman 
L.  D.  Bxtblingamb 
W.  L.  Clabx 

W.  A.  DiBFBNDOBF 

A.   L.  DbLeeuw 

F.  L.  Ebbbhabdt 


MoBBiB  Kind 

F.  H.  Lewis 

R.  E.  Mbadb 

Ejnab  Pobbblt 

H.  J.  Seaman 

A.  C.  Taoge 

H.  Stbuckicann 

P.  H.  Wilson 


F.  A.  Ebbington 

A.  A.  FULLEB 

H.  D.  GoBDON 

H.  E.  Hathaway 

e.  j.  ksabnbt 

Wm.  Lodge 


OFFICERS  OF  AFFIUATED  SOCIETY 
PROVIDENCE  ASSOCIATION  OF  MECHANICAL  ENGINEERS 


T.  M.  Phetteplace,  President 
J.  A.  Bbooks,  Secretary 


W.  H.  Paine,  Vice-Prefiideni 
A.  H.  Whatlet,  Treaeurer 


SPECIAL  COMMITTEES 


REFRIGERATION 


D.  S.  Jacobus 
A.  P.  Tbautwein 


E.  F.  MiLLEB 


G.  T.  VOOB^EBS 

P.  DbC.  Ball 


H.  G.  Stott,  Chairman 

A.  C.  ASHTON 


FLANGES 


W.  M.  McFabland 


W.  SCHWANHAUSBEB 

J.  P.  Spabbow 


J.  E.  Sweet 


SOCIETY  HISTORY 

H.  H.  SUPLBE 

CONSTITUTION  AND  BY-LAWS 


Jesse  M.  Smith,  Temporary  Chairman 
G.  M.  Basfobd 

H.  G.  Stott 


F.  R.  Button 


F.  R.  Button 
D.  S.  Jacobub 


IX 


OFFICERS  OF  STUDENT  BRANCHES 


WMhliwbRi  tTnlTsilty 


nwBiifr 

.«.T^T 

A.  E.  BiutKD 

A.  D.  S>IT 

V.  B.  Yoik«D 

D.S.W«.Jr. 

A.  J.  Bwifum 

P.L.SMohM 

C.  B.     8lHl<t:<l> 

A.  L.  Pklmv 

'R.C.SuoM 

L.JOIM* 

H,£:.8pr<>uU 

V.  ^.  BUford 

L.L.  Brown* 

EutjAudmt^ 

ADdn-HamUtOD 

t.UBtbUDk 

B.J.HwriqoM 

].  A.  KlDiur 

B.S.Rodc« 

n.E.RupmsU 

J.  A.  Noy» 

R.U.rMTy 

C.  J.  H-loE. 

J.H.8oli«rtd«r 

F.  B.  ShnUf 

L.F.Oirlaok 

0.  D.  UltelMU 

P.A.TuiHr 

V.O.FWtnu 

CA.BeDDMl 

A.  H.  BbttiMl 

W.B.Enuni>D 

V.  Q.  WUHuu 

H.W.BwtOD 

F.  M.  JOM 

W.at.C.Chll<b 

Q.  K.Pdi«ror» 

H.J.PvthMtai 

J.W.Cwy 

J.T.Low* 

H.T.L«.,. 

W.J.  Ami 

F.B.  (»>«<>. 

SUMMARY  OF  MEMBERSHIP 


Unitbd  Status 


Alabama 21 

Alaska 2 

Arisona 6 

Arkansas   3 

California   99 

Colorado   34 

Connecticut    147 

Delaware 20 

District  of  Columbia 34 

Florida 3 

Georgia 21 

Hawaii   4 

Idaho    2 

Illinois   256 

Indiana 66 

Iowa    14 

Kansas 11 

Kentucky 5 

Louisiana 28 

Maine 17 

Maryland 31 

Massachusetts 394 

Michigan 136 

Minnesota 20 

Mississippi    2 

Missouri 67 

Montana    9 


Nebraska 6 

Nevada 3 

New  Hampshire    16 

New  Jersey 206 

New  Mexico 2 

New  York  1117 


North  Carolina. 
North  Dakota  . 

Ohio 

Oklahoma   

Oregon   


12 

1 

274 

2 

8 

Pennsylvania 476 

1 

4 

69 

4 

16 

28 

'     6 

16 

32 

18 

8 


Philippine  Islands 

Porto  Rico    

Rhode  Island 

South  Carolina   

Tennessee   

Texas    

Utah   

Vermont 

Virginia  

Washington 

West  Virginia 

Wisconsin    102 

Wyoming 2 


Total 3878 


Foreign  Countries 


Africa  

Australia  

Austria 

Belgium   

Canada  

Central  America  

China    

Cuba  

England  

Federated  Malay  States 

Finland 

France    

Germany   

Holland    


14 
8 
1 
5 

58 
8 
3 
6 

54 
1 
2 
7 

13 
1 


Hungary 

India 

Italy   

Japan   

Mexico   

Norway    

Russia 

Scotland 

South  America 

Sweden 

Switzerland  ... 


1 
3 
3 
6 

12 
1 
4 
3 

15 
4 
2 


Total 235 


xui 


SUMMARY  OF  MEMBERSHIP 

Bt  Rbsidbncb 

December  31, 1911 

Membership  in  United  States 3878 

Membership  in  foreign  countries 235 

Present  address  unknown 2 

Total  membership 4116 

Bt  Grade 

Honorary  Members 1® 

Members 2774 

Associates 374 

Juniors 961 

Total  membership 4116 


GAS  POWER  SECTION 

SUMMARY  OF  MEMBERSHIP 


United  States 


Alabama    

Arkansas 

California 

Connecticut 

Delaware 

District  of  Columbia. 

Georgia 

Illinois 

Indiana 

Iowa 

Kansas 

Maine 

Maryland 

Massachusetts 

Michigan 

Minnesota 

Missouri 

Nebraska 


4 
1 
9 
7 
1 
6 
1 
24 
6 
1 
1 
3 
1 
23 
13 
6 
6 
1 


New  Hampshire 

New  Jersey 

New  York      

Ohio 

Oklahoma 

Oregon 

Pennsylvania. . . 
Rhode  Island  . . . 
South  Dakota. . . 

Texas 

Vermont 

Virginia 

Washington 

West  Virginia... 
Wisconsin 


1 

13 
143 

26 
1 
2 

34 
6 
1 
1 
1 
1 
1 
1 

20 


Total 365 


Foreign  Countries 


Belgium.. 
Canada  . . 
England  . 
Germany. 


Mexico 

South  America 


1 
2 
1 
2      Total, 


1 
3 

10 


XIV 


Bt  RXBIDBNOa 

in  United  States 366 

Membership  in  foreign  countries 10 

Address  unknown 1 

Total  membership 376 

Bt  Qbade 

Members  of  the  Society 263 

AffiUates 128 

Total 376 


STUDENT  BRANCHES 

Armour  Institute  of  Technology 24 

Columbia  University 50 

Cornell  University 211 

Lehigh  University 8 

Leland  Stanford  Jr.  University 15 

Massachusetts  Institute  of  Technology 44 

Ohio  State  University 34 

Pennsylvania  State  College 40 

Polytechnic  Institute  of  Brooklyn 15 

Purdue  University 19 

Rensselaer  Pol3rtechnic  Institute 30 

State  University  of  Kentucky 50 

Stevens  Institute  of  Technology 66 

University  of  Arkansas 1 

University  of  Cincinnati 38 

University  of  Illinois 65 

University  of  Kansas 17 

University  of  Maine 1 

University  of  Missouri 20 

University  of  Nebraska 16 

University  of  Wisconsin 22 

Washington  University 16 

Yale  University 57 

Total 868 


XV 


CONTENTS  OF  VOLUME  33 

Pittsburgh,  Nbw  Yobk  and  Monthly  Mbetings,  1911 

No.  1305    Biography  of  E.  D.  Meier.    Annual  Report  of  Council  and 

Research  Committee.    Conmiittee  on  Power  House  Piping.  1 

No.  1306    Meetings,  January  to  June;  Pittsburgh  Meeting 19 

No.  1307    Topical  Discussion  on  Fuel  Oil  (in  abstract) 27 

No.  1308    B.  R.  T.  Collins Oil  fuel  for  Steam  Boilers  (in  abstract)     83 

No.  1309    L.  W.  Ellis Economic  Importance  of  the  Farm 

Tractor  (in  abstract) 109 

No.  1310    D.  Howard  Hatwood. Letters  Patent  for  Inventions 119 

No.  1311    Symposium  on  Cement 

a    Walter  S.  LANDis..Some  Problems  of  the  Cement  Indus- 
try   133 

6    W.H.Mason The  Edison  Roll  Crushers 146 

c    L.  L.  Griffiths Power  and  Heat  Distribution  in  Cement 

Mills 166 

d    Discussion 175 

No.  1312    Symposium  on  Interchangeable  Parts 

a    John  Calder The  Assembly  of  Small  Interchangeable 

Parts 196 

&    Halcolm  Ellis The  Process  of  Assembling  a  Small  and 

Intricate  Machine 211 

c    F.  P.  Cox Quantity  Manufacture  of  Small  Devices  233 

d    Discussion 237 

No.  1313    A.  L.  DeLeeuw Milling  Cutters  and  Their  Efficiency. .  246 

No.  1314    Topical  Discussion  on  Large  Blast-Furnace  Gas-Power  Plants 

(in  abstract) 293 

No.  1315    Reid  T.  Stewart Stresses  in  Tubes 305 

No.  1316    DwiGHT  T.  Randall.  .  .The  Purchase  of  Coal  (in  abstract) 313 

No.  1317    Forrest  E.  CARDULLO.Energy   and   Pressure  Drop  in  Com 

pound  Steam  Turbines 325 

No.  1318    Lionel  S.  Marks The  Pressure-Temperature  Relations  of 

Saturated  Steam 351 

No.  1319    Gardner  C.  Anthony.  Pressure  Recording  Indicator  for  Punch- 
ing Machinery 369 

No.  1320    Richard  H.  Rice Commercial   Application   of  the  Tur- 
bine Turbo-Compressor 381 

No.  1321    W.  Thinks Reciprocating  Blast-Furnace  Blowing 

Engines 427 

No.  1322    Barthold  Gerdau...  \ Power  Forging  with  Special  Reference 

George  Mesta /        to  Steam-Hydraulic  Forging  Presses  469 

xvii 


XVIU  CONTENTS 

Pace 

No.  1323    Meetings,  October  to  December;  Annual  Meeting 483 

No.  1324    E.  D.  Meier '/  .The  Engineer  and  the  Future 493 

No.  1325    James  Hartness The  Turret  Equatorial  Telescope 499 

No.  1326    Sterling  H.  BuNNELL.Expense    Burden:  Its    Incidence    and 

Distribution 636 

No.  1327    H.  DE  B.  Parsons Standard  Cross-Sections 661 

No.  1328    D.  S.  Jacobus Tests  of  Large  Boilers  at  the  Detroit 

Edison  Company 666 

No.  1329    James  E.  Howard Strain  Measurements  of  Some  Steam 

Boilers  under  Hydrostatic  Pressure  639 
No.  1330    Pbrct  C.  Dat Herringbone  Gears,  with  Special  Ref- 
erence to  the  Wuest  System 681 

No.  1331    Topical  Discussion  on  Cement  Manufacture 717 

No.  1332    Hbnrt  M.  Lane The  Core  Room:  Its  Equipment  and 

Management 736 

No.  1333    Wm.  T.  Magruder Tests  of  a  Sand-Blasting  Machine 821 

No.  1334    Amasa  Trowbridge Die  Castings 839 

No.  1336    George  H.  Barrus.  .  \t,    .  , ,    «      j  «  rn  .    .         oet 

r*w       MM  >Vanable-Speed  Power  Transmission..  851 

No.  1336    Symposium  on  Oil  Engines 

a    H.  R.  Setz Oil  Engines 867 

6    Forrest  M.  Towl.  .Test  of  an  86-H.P.  Oil  Engine 905 

c    Discussion 916 

No.  1337    William  D.  Ennis Design  Constants  for  Small  Gasolene 

Engines 927 

No.  1338    E.  D.  Dreyfus \Economy  of  a  1000-Kw.  Natural  Gas 

V.  J.  HuLTc>ui8T /        Engine 939 

No.  1339    Frank  W.  Reynolds.  .  .The  Development  of  the  Textile  Indus- 
tries of  the  United  States 971 

No.  1340    Willis  H.  Carrier Rational  Psychrometric  Formulae 1005 

No.  1341    Willis  H.Carrier.  ..  \  ..    ^     ,.^.     .       .           .  -^__ 

y  J    -D  {  Air-Conditioning  Apparatus 1055 

No.  1342    Frank  H.  Kneeland  . .  Some  Experiments  with  the  Pitot  Tube 

on  High  and  Low  Air  Velocities. . .  1137 

No.  1343    Necrology 1175 

No.  1344    Index 1211 


•  • 


TRANSACTIONS 

OF 

THE  AMERICAN  SOCIETY  OF 
MECHANICAL     ENGINEERS 

VOLUME  33—1911 

THIS  volume  covers  the  activities  of  The  American  Society 
of  Mechanical  Engineers  for  the  year  1911,  the  thirty-second 
in  its  history,  including  papers  and  proceedings  of  its  various 
gatherings.  A  record  of  the  work  of  the  past  year  is  given  in  the 
Annual  Report  of  the  Council,  presented  at  the  Annual^Meeting  of 
1911. 

At  the  Annual  Meeting  of  1910,  an  account  of  which  appears  in 
Volume  32  of  Transactions,  the  newly-elected  president,  Edward 
Daniel  Meier,  was  introduced. 

EDWARD  DANIEL  MEIER 

Edward  Daniel  Meier,  president  and  chief  engineer  of  the  Heine 
Safety  Boiler  Company,  was  born  in  St.  Louis,  Mo.,  May  30,  1841. 
At  the  close  of  a  scientific  course  at  Washington  University,  St. 
Louis,  in  1858,  he  spent  four  years  in  Germany  at  the  Royal  Poly- 
technic College  in  Hanover,  this  being  followed  by  an  apprentice- 
ship at  Mason's  Locomotive  Works,  Taunton,  N.J.  In  1863  he  enlisted 
in  the  Grey  Reserves,  the  Thirty-Second  Pennsylvania,  which  was 
attached  to  the  army  of  the  Potomac  until  after  the  Battle  of  Gettys- 
burg. He  subsequently  served  in  the  Second  Massachusetts  Battery, 
also  in  the  United  States  Engineer  Corps,  and  finally  became  lieu- 
tenant in  the  First  Louisiana  Cavalry,  seeing  much  active  service, 
and  on  May  30,  1865,  receiving  the  surrender  of  Lieutenant-General 
John  B.  Hood  and  staff. 

At  the  close  of  the  war  he  entered  the  Rogers  Locomotive  Works 
at  Paterson,  N.  J.,  remaining  one  year.  From  1867  to  1870  he 
was  associated  with  the  Kansas  Pacific  Railway,  first  as  assistant 

1 


•    -• 


.•  •  • 


» 


SOCIETY  AFFAIRS 


r 


sup^ritendent  of  machinery,  keeping  open  its  Western  communi- 
cs^tnoAs  when  the  bridges  were  swept  away,  designing,  building  and 
.^p^rating  a  mill  for  sawing,  planing  and  turning  the  soft  magnesian 
vliiHestones  by  machinery,  designing  machine  and  car  shops,  etc.,  and 
.^  subsequently  becoming  superintendent  of  machinery.     He  resigned 
/to  become  chief  engineer  of  the  Illinois  Patent  Coke  Company, 
leaving  there  in  1872  to  assume  the  secretaryship  of  the  Meier  Iron 
Company  and  to  build  its  blast  furnaces.     From  1873  to  1875  he 
directed  the  machinery  department  of  the  St.  Louis  Interstate  Fair. 
During  this  time  he  became  actively  interested  in  the  St.  Louis  cotton 
industry  and  was  associated  with  the  St.  Louis  Cotton  Factory  and 
with  the  Peper  Hydraulic  Cotton  Press,  for  both  of  whom  he  designed 
machinery  for  compressing  cotton.     In  1884  he  organized  the  Heine 
Safety  Boiler  Company  for  the  development  in  the  United  States 
of  the  water-tube  boiler  of  that  name,  and  has  been  its  president  and 
chief  engineer  ever  since.    He  has  also  been  responsible  for  the  intro- 
duction of  the  Diesel  motor  into  the  United  States  and  until  1908 
was  engineer-in-chief  and  treasurer  of  the  American  Diesel  Engine 
Company. 

Colonel  Meier  was  lieutenant-colonel  and  later  colonel  of  the 
First  Regiment  of  the  Missouri  National  Guard,  serving  about  ten 
years,  and  is  a  member  of  the  Grand  Army  of  the  Republic  and  of  the 
Loyal  Legion.  He  has  been  active  in  a  number  of  professional 
organizations,  serving  in  1881-1884  as  treasurer  of  the  St.  Louis 
Engineers  Club,  in  1889-1890  as  its  president  and  as  secretary  of 
the  American  Boiler  Manufacturers  Association.  It  was  in  the  latter 
capacity  that  he  drew  up  the  Uniform  American  Boiler  Specifications 
of  1898.  He  has  been  president  of  that  organization  and  also  of  the 
Machinery  and  Metal  Trades  Association  since  1908. 

In  the  Society  he  has  been  active  on  many  committees,  was  one 
of  its  managers  from  1895  to  1898,  and  has  twice  been  elected  vice- 
president,  serving  his  first  term  from  1898  to  1900,  and  beginning 
the  second  in  1910,  but  resigning  in  the  same  year  to  assume  the 
presidency. 


REPORTS  OF  COUNCIL  AND  COMMITTEES 

ANNUAL  REPORT  OF  THE  COUNCIL,  1911 

The  Council  presents  the  following  report  of  Society  affairs  during 
the  year  ending  December  1911: 

J.  Sellers  Bancroft,  elected  Manager  in  December  1910,  resigned  as 
a  member  of  the  Council  and  H.  G.  Stott  was  elected  by  the  Coun- 
cil to  fill  the  xmexpired  term.  Alex.  C.  Humphreys  was  elected  Vice- 
President  to  fill  the  unexpired  term  of  E.  D.  Meier. 

The  Council  also  announces  with  deep  regret  the  death  of  Charles 
Wallace  Hunt,  Past-President,  and  desires  to  spread  on  the  perma- 
nent record  the  resolution  taken  at  its  meeting  of  April  10,  1911: 

Charles  Wallace  Hunt,  Past-President  of  The  American  Society  of  Mechan- 
ical Engineers,  passed  away  on  March  27, 1911,  after  twenty-six  years  of  active 
and  effective  service  as  a  member,  officer,  President  and  Past-President  of  the 
Society;  and 

Whereas  the  Council  in  session  after  this  blow  has  befallen  the  Society  is 
desirous  to  record  its  sorrow  and  sense  of  loss  and  its  sympathy  with  those  to 
whom  this  bereavement  has  come  so  sorely  close; 

Be  it  Resolved  that  the  Honorary  Secretary  be  requested  to  prepare  a 
memorial  notice  to  be  published  in  The  Journal  with  a  portrait  of  Mr.  Hunt; 
and  be  it  further  resolved  that  this  minute  conmiemorative  of  the  great  and 
notable  services  of  Mr.  Hunt  to  the  Society  be  similarly  published,  and  a  copy 
of  both  be  transmitted  by  the  Secretary  to  Mrs.  Hunt  and  the  family  with  ex- 
pressions of  the  keen  and  profound  sympathy  of  Mr.  Hunt's  friends  in  the  bur- 
den in  which  they  are  called  on  to  bear. 

The  following  have  been  appointed  representatives  of  the  Society 
on  the  various  committees  on  which  Mr.  Hunt  was  serving:  Com- 
mittee on  Society  History,  F.  R.  Hutton;  John  Fritz  Medal  Board  of 
Award,  W.  F.  M.  Goss;  Trustee  United  Engineering  Society,  Alex. 
C.  Humphreys;  Constitution  and  By-Laws,  H.  G.  Stott. 

MEMBERSHIP 

The  follo\^ing  table  shows  the  changes  in  ineinl)ership  for  the  fiscal 
year  October  1,  1910,  to  October  1,  1911,  in  distinction  from  the 
administration  year,  to  which  the  other  statements  apply: 
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Grade 


Oct.  1. 
1910 


Honorary 15 

Members 2609 

Associates 303 

Juniors 882 

Total 3809 

Affiliates  of  Gaa 

Power  Section.  145 

Affiliate*  of  Stu- 
dent Branches  512 


Losses 


Rcfliff- 
Transfer  i      . .        Lapsed 


ADDITION'S 


15 
24 

39 


!  nation 


32 

4 

19 

55 


15 
13 
22 

50 


Death    Transfer 


44 

1 
5 

50 


89 


39 


I  Net  Increase    ^^*^*- 
Elec-i  1.1911 

tlon 


11  16 

145    '  93  (decrease)  2702 

10    I           23  370 

107               37  919 


263 


108 


4007 


11  (decrease)       134 


123 


635 


The  Council  has  elected  to  Honorary  Membership,  J.  A.  F.  Aspin- 
all  of  Liverpool,  England,  Past-President  of  the  Institution  of  Mechan- 
ical Engineers,  for  his  original  research  work,  exhaustive  tests  on 
train  resistance,  electrification  of  railways,  and  valuable  contributions 
to  the  development  of  the  locomotive. 

On  the  Spring  and  Fall  Ballots  324  new  members  were  elected. 

On  the  Council  of  The  American  Association  for  the  Advancement 
of  Science,  Alex.  C.  Humphreys  and  H.  G.  Reist,  were  appointed. 

GIFTS 

Beside  the  large  number  of  gifts  of  books  to  the  Library,  recorded 
in  The  Journal  from  time  to  time  and  reported  by  the  Library  Com- 
mittee, the  Society  has  been  the  recipient  through  the  kindness  of 
James  M.  Dodge,  Past-President,  of  an  autograph  letter  of  James 
Watt,  together  with  an  engraving  of  a  portrait  of  Watt  by  Sir  William 
Beechy,  R.A. 

On  the  occasion  of  the  seventieth  birthday  of  Rear-Admiral  Mel- 
ville, Honorary  Member  and  Past-President,  a  number  of  friends 
presented  him  ^^dth  a  silver  plaque  and  engrossed  resolutions  of  con- 
gratulation which  the  Admiral  has  since  placed  in  the  keeping  of 
the  Society. 

Through  the  efforts  of  the  friends  of  the  late  Charles  Wallace 
Hunt,  there  has  been  placed  in  the  hands  of  the  Library  CommittcM^ 
a  memorial  fund  which  is  to  be  used  for  the  purchase  of  books  dealing 
with  the  transportation  of  materials. 
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STUDENT  BRANCHES 


There  has  been  added  to  the  list  of  Student  Branches  the  State 
University  of  Kentucky,  Ohio  State  University,  Washington  Univer- 
sity, and  Lehigh  University.    There  is  now  a  student  enrollment  of  841 . 

The  Council  has  approved  during  the  past  year  a  form  of  insignia 
for  the  student  branch  members  which  has  been  adopted  with  much 
satisfaction  by  several  branches. 

AFFILIATED   SOCIETIES 

During  the  year  a  new  relation  has  been  inaugurated  which  is 
now  in  operation  with  the  Providence  Association  of  Mechanical  En- 
gineers, whereby  the  affiUated  society  secures  the  advantages  of 
papers  presented  before  the  Society,  and  subscription  to  The  Journal 
at  the  affiliate  rate,  without  giving  up  in  any  way  its  independence. 
The  rules  governing  such  relations  are  incorporated  elsewhere  in  this 
report  imder  amendments. 

MEETINGS    OF   THE  SOCIETY 

The  Council  has  taken  under  its  direct  supervision  the  conduct  of 
meetings  of  the  Society  other  than  the  regular  Spring  and  Annual 
meetings.  By  this  arrangement  the  members  of  the  Society  in  any 
city  may  organize  local  meetings,  which  will  be  open  to  all  members 
of  the  Society  and  such  other  persons  as  the  local  committee  may  de- 
sire to  be  present.  The  local  committee,  consisting  of  five  members 
of  the  Society  nominated  by  the  local  membership  and  appointed  by 
the  Council,  has  full  responsibility  for  the  conduct  of  such  meetings, 
and  authority  to  secure  professional  papers  of  local  or  general  inter- 
est, or  institute  topical  discussions.  Such  papers  as  the  general 
Committee  on  Meetings  may  select  may  also  be  presented  at  either 
the  Spring  or  Annual  Meetings  of  the  Society. 

The  Society  is  now  conducting  meetings  in  Boston,  New  Haven, 
New  York,  Philadelphia,  Providence,  and  San  Francisco. 

The  precedent  has  been  set  during  the  past  year  of  deciding  at 
the  Spring  Meeting,  the  time  and  place  of  the  next  Spring  Meeting. 

LAND    DEBT 

Early  in  January  the  matter  of  paying  off  the  Society's  share  of  the 
mortgage  on  the  land  occupied  by  the  Engineering  Societies  Building 
was  considered  by  the  Council  and  a  special  committee  appointed, 


i^ 


6  SOCIETY  AFFAIBS 

consisting  of  Charles  Wallace  Hunt,  Chairman,  R.  M.  Dixon,  and 
Waldo  H.  Marshall. 

A  plan  was  outlined  by  Mr.  Hunt  providing  for  the  issuance  of 
certificates  of  indebtedness,  paying  interest  at  4  per  cent  per  annum, 
payable  semi-annually.  This  was  approved  and  at  the  November 
meeting  of  the  Council  Messrs.  Dixon  and  Marshall  reported  the 
complete  success  of  the  issue,  the  total  subscriptions  amounting  to 
$85,800,  of  which  $81,500  has  been  paid,  and  our  share  of  the  mort- 
gage indebtedness  thus  cancelled.  These  certificates  will  be  retired 
at  the  rate  of  $6000  or  more  annually. 

JOHN   FRITZ  AUTOBIOGRAPHY 

The  Society  has  created  the  precedent  during  the  year  of  publish- 
ing uniformly  with  the  Transactions,  an  autobiography  of  its  Past- 
President  and  Honorary  Member  John  Fritz. 

It  is  the  intention  from  time  to  time  as  opportunity  offers,  to  issue 
such  publications  as  will  enhance  the  interest  of  the  engineering  world 
in  the  men  of  attainments  in  the  profession. 

INTRODUCTION   CARD 

The  form  of  identification  card  which  has  been  inaugurated,  com- 
bines the  features  of  the  card  which  has  been  issued  previously  and  of 
a  card  of  admission  and  identification  for  the  Library. 

For  years  the  Society  has  exchanged  courtesies  with  many  of  the 
engineering  societies  throughout  the  United  States  but  it  is  doubtful 
if  our  members  are  aware  of  the  fact.  This  has  now  been  made 
apparent  by  giving  on  the  reverse  of  the  identification  card  a  list  of 
all  such  societies  and  libraries. 

While  the  library  is  free  and  open  to  the  public,  it  is  often  desirable 
that  the  member  have  access  to  the  books  themselves  which  are 
grouped  according  to  subject,  and  this  special  privilege  can  be 
accorded  only  to  persons  known  to  this  library  administration.  The 
identification  card  thus  serves  this  double  purpose. 

AMENDMENTS  TO  THE  CONSTITUTION,  BY-LAWS  AND  RULES 

The  Council  would  report  the  following  amendments  to  the  Con- 
stitution, By-Laws  and  Rules  during  the  past  year: 

B  13  The  voting  for  the  election  of  officers  shall  close  at  ten  o'clock  in  the 
forenoon  on  the  first  Tuesday  in  December  in  each  year :    The  Tellers  shall  not 
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receive  any  ballot  after  the  stated  time  for  the  closure  of  the  voting.  The 
Tellers  of  Election  shall  first  open  and  destroy  the  outer  envelopes  and  shall 
then  open  the  inner  ones,  canvass  the  ballots  and  certify  the  result  to  the  Presi- 
dent or  Presiding  Officer  at  the  first  session  of  the  current  meeting  of  the  Society. 
The  Presiding  Officer  shall  then  announce  the  candidates  having  the  greatest 
number  of  votes  for  their  respective  offices,  and  declare  them  elected  for  the 
ensuing  year. 

B  18  The  Council  at  any  meeting  may,  in  its  discretion,  permanently  remit 
the  dues  of  any  full  Member  of  the  Society  who  has  been  pa3ring  dues  for  thirty 
consecutive  years  or  who  shall  have  reached  the  age  of  seventy  years,  after  hav- 
ing paid  dues  for  twenty-five  consecutive  years,  provided  that  notice  of  such 
proposed  action  shall  have  been  given  at  a  previous  meeting  of  the  Council 
and  the  Conmiittee  on  Membership  shall  have  concurred  in  recommending  that 
this  action  be  taken.  The  Council  may  in  its  discretion,  restore  to  member- 
ship any  person  dropped  from  the  rolls  for  non-payment  of  dues,  or  otherwise, 
upon  such  terms  and  conditions  as  it  may  at  the  time  deem  best  for  the  interests 
of  the  Society. 

B  20  The  Council  shall  institute  a  monthly  publication  to  be  called  ''The 
Journal''  which  shall  be  under  the  management  of  the  Secretary,  who  shall 
act  under  the  general  supervision  of  the  Publication  Committee,  subject  to 
approval  by  the  Council  as  to  the  policy  thereof  and  the  expenditures  therefor. 
The  annual  subscription  price  of  The  Journal  to  each  member  is  two  dollars 
and  is  included  in  the  annual  dues  of  such  member. 

B  23  The  Committee  on  Meetings  shall  consist  of  five  persons  who  may  be 
members  of  any  grade.  The  term  of  office  of  one  member  of  the  Committee 
shall  expire  at  the  end  of  each  Annual  Meeting.  It  shall  be  the  duty  of  the 
Committee  to  procure  professional  papers,  to  pass  upon  their  suitability  for 
presentation,  and  to  suggest  topical  subjects  for  discussion  at  the  annual  and 
semi-annual  meetings.  The  Committee  may  refer  any  paper  presented  to  the 
Society  to  a  person  or  persons,  especially  qualified  by  theoretical  knowledge 
or  practical  experience,  for  their  suggestions  or  opinions  as  to  the  suitability 
of  the  paper  for  presentation.  Papers  from  non-members  shall  not  be  accep- 
ted except  by  unanimous  vote  of  the  Committee. 

The  Conmiittee  shall  arrange  the  program,  and  shall  have  general  charge 
of  the  entertaimnents  to  be  provided  for  the  members  and  guests  for  the  above 
meetings.  It  shall  prohibit  the  distribution  or  exhibition  at  the  headquarters 
or  at  the  places  of  the  above  meetings  of  all  advertising  circulars,  pamphlets 
or  samples  of  commercial  apparatus  or  machinery.  At  the  end  of  each  fiscal 
year,  the  Committee  shall  deliver  to  the  Secretary  for  presentation  to  the  Coun- 
cil, a  detailed  report  of  its  work. 

B  29  A  Nominating  Committee  of  five  members,  not  members  of  the  Coun- 
cil, shall  be  appointed  by  the  President  within  three  months  after  he  assumes 
office.  It  shall  be  the  duty  of  this  Committee  to  send  to  the  Secretary,  on  or 
before  September  15,  the  names  of  consenting  nominees  for  the  elective  offices 
next  falling  vacant  under  the  Constitution.  Upon  the  request  of  any  Member 
or  Associate,  the  Secretary  shall  furnish  to  the  applicant  the  names  of  such 
nominees.  The  names  of  the  nominees  proposed  by  the  Committee  shall  be 
published  in  the  next  issue  of  The  Journal. 
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R  4  Papers  accepted  by  the  Committee  on  Meetings  shall  be  classified  as 
follows: 

a  Papers  valuable  for  record,  but  not  suitable  for  presentation  at  a  meeting, 
which  will  be  referred  to  the  Publication  Committee  with  the  recommendations 
of  the  Conmiittce  on  Meetings. 

h  Papers  requiring  either  advance  publication  or  printing  and  distribution 
in  pamphlet  form,  either  in  full  or  in  abstract  for  discussion  at  a  meeting. 

Papers  of  this  class  the  Committee  on  Meetings  may  either  turn  over  at  once 
to  the  Publication  Committee  for  advance  publication  in  The  Journal  if  ap- 
proved by  that  Committee;  or  it  may  have  printed  in  pamphlet  form  a  sufficient 
number  of  copies  for  distribution  at  a  meeting,  for  mailing  in  advance  to  those 
who  may  discuss  the  paper  and  to  others  who  may  desire  copies  because  of 
publication  of  the  title  or  an  advance  abstract  of  the  paper  in  The  Journal. 

c  Papers  which  require  discussion  at  a  meeting  to  determine  their  value  and 
general  interest. 

Papers  of  this  class  may  be  accepted  by  the  Committee  on  Meetings,  but 
should  not  be  put  in  type  until  they  have  been  read  and  discussed. 

The  Committee  on  Meetings  may  in  its  discretion  select  papers  for  the  annual 
or  semi-annual  meetings  which  have  already  been  presented  and  discussed  be- 
fore local  meetings  of  the  Society. 

A  member  may  by  letter  signify  his  intention  to  discuss  any  of  the  papers, 
and  unless  otherwise  directed  by  the  Presiding  Officer  priority  in  debate  shall 
be  given  in  the  order  of  the  receipt  by  the  Secretary  of  such  notification. 

R  36  Any  regularly  organized  group  of  engineers  or  engineering  society, 
which  by  constitution,  by-laws  and  practice,  is  in  accord  with  the  traditions 
and  aims  of  The  American  Society  of  Mechanical  Engineers,  may  secure  affilia- 
tion on  approval  bj'  the  governing  boards  of  each  Society. 

R  37  The  term  ''affiliated  with  The  American  Society  of  Mechanical  Engi- 
neers'' shall  not  be  used  officially  or  by  individual  members  until  specific 
approval  has  been  secured  by  each  governing  board,  nor  shall  such  term  be 
used  by  either  after  the  relation  of  affiliation  has  terminated. 

R  38  An  affiliated  society  shall  have  independence,  autonomy,  and  self- 
control  under  its  own  constitution  and  by-laws,  unimpaired  by  its  relation  with 
The  American  Society  of  Mechanical  Engineers. 

R  39  The  American  Society  of  Mechanical  Engineers  shall  not  be  respon- 
sible for  any  act  of  an  affiliated  society. 

R  40  Printing  for  an  affiliated  society  will  be  done  at  cost;  this  applies  also 
to  the  printing  in  pamphlet  form  of  advance  copies  of  all  papers  presented  be- 
fore The  American  Society  of  Mechanical  Engineers  and  such  papers  as  may  be 
desired  for  meetings  of  an  affiliated  society.  The  Society  may  print  in  The 
Journal  any  papers  and  discussions  presented  before  an  affiliated  society,  which 
the  Publication  Committee  of  The  American  Society  of  Mechanical  Engineers 
may  select. 

R  41  The  members  of  an  affiliated  society  shall  have  the  right  to  subscribe 
and  receive  The  Journal  on  the  same  terms  as  other  affiliates  of  The  American 
Society  of  Mechanical  Engineers. 

R  42  The  relation  of  affiliation  with  any  organization  may  be  terminated  by 
either  party  upon  sixty  days  notice,  given  in  writing  by  the  governing  body  of 
either  society,  to  that  of  the  other. 
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Rule  29  has  also  been  renumbered  and  is  now  Rule  18,  and  the 
numbering  of  Rules  18  to  28,  inclusive,  has  been  changed  to  Rules 
19  to  29. 

FINANCE   COMMITTEE 

The  arduous  and  successful  work  of  the  Finance  Committee  is 
deserving  of  the  appreciation  of  every  member  of  the  Society.  In 
order  that  the  Society  may  be  successful  in  its  various  activities  for 
the  benefit  of  the  profession,  it  is  also  essential  that  its  management 
be  financially  successful.  That  this  is  conspicuously  the  case  will 
be  shown  by  the  perusal  of  the  financial  reports  of  the  Society  from 
year  to  year. 

Under  the  leadership  of  Messrs.  Dixon  and  Marshall  of  the  Finance 
Committee,  following  the  plan  proposed  by  the  late  Chas.  Wallace 
Hunt,  the  four  per  cent  certificates  of  indebtedness  to  take  up  the 
Society's  share  of  the  mortgage  on  the  building  of  the  Engineering 
Societies,  have  been  over-subscribed,  and  this  share,  together  with  all 
interest  to  date,  has  been  paid  off. 

As  an  accompanying  feature,  the  Society  has  pledged  itself  to 
retire  at  least  six  thousand  dollars  of  these  certificates  each  year,  and 
has  determined  that  this  shall  be  made  up  mainly  from  the  initiation 
fees. 

In  order  that  the  above  amount  may  be  annually  secured  without 
reduction  of  the  Society's  financial  resources  for  its  routine  activities, 
it  is  essential  that  the  usual  rate  of  increase  of  membership  be  main- 
tained. It  would  be  highly  desirable  if  it  were  increased,  thus  ex- 
tending the  usefulness  of  the  Society  and  its  influence  for  good.  The 
membership  is  therefore  urged  by  the  Finance  Committee  to  under- 
take personally  to  secure  for  the  Society  the  interest  and  membership 
of  the  leading  engineers  in  all  branches  of  the  profession. 

HOUSE   COMMITTEE 

The  Council  gratefully  acknowledges  the  continuous  work  of  the 
House  Committee,  which  has  increased  the  attractiveness  of  the 
rooms  of  the  Society.  Under  its  painstaking  attention  the  rooms  are 
made  to  look  homelike  and  inviting. 

LIBRARY   COMMITTEE 

The  Library  Committee  have  had  a  beautiful  bookplate  prepared. 
The  Council  directs  the  attention  of  the  membership  to  the  per- 
manent good  which  the  Library  Committee  is  doing  by  its  painstaking 
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development  of  the  resources  of  the  Library  and  by  its  provision  for 
complete  researches  under  the  direction  of  Mr.  W.  P.  Cutter,  a  most 
competent  librarian,  with  a  staff  of  assistants.  Thus  is  the  Society 
being  made  available  to  members  at  a  distance,  which  is  the  always 
present  aim  of  the  Council. 

COMMITTEE  ON  MEETINGS 

The  Committee  on  Meetings  have  probably  held  more  meetings 
than  any  other  committee  of  the  Society,  and  as  a  result  of  their 
faithful  attention  to  their  duties,  the  activities  of  the  Society  have 
been  extraordinarily  increased,  extending  the  benefits  to  the  members 
at  a  distance  more  than  has  ever  been  done  in  the  history  of  theSociet3^ 

Meetings  in  several  cities  are  now  held  periodically  and  subcom- 
mittees with  especial  relation  to  the  several  branches  of  engineering 
are  being  appointed. 

PUBLICATION   COMMITTEE 

Too  much  praise  cannot  be  given  to  the  PubUcation  Committee, 
who  have,  through  their  enterprise,  been  able  to  undertake  a  most 
intelligent  and  helpful  form  of  advertising,  not  only  of  benefit  to  the 
members,  but  thereby  bringing  in  sufficient  income  so  that  The  Jour- 
nal is  not  only  selfnsupporting,  but  is  undertaking  features  of  incal- 
culable value. 

During  the  coming  year,  a  topical  index,  supplemented  by  abstracts 
of  some  of  the  more  important  articles  appearing  in  foreign  languages, 
will  be  regularly  published.  Another  important  detail  is  the  reduc- 
tion of  the  price  of  The  Journal  to  the  public,  making  possible  a  wider 
distribution  of  the  papers  and  discussions  given  at  the  meetings  of  the 
Society,  thus  adding  to  its  prestige  and  benefiting  the  profession  as  a 
whole. 

The  Council  desiring  to  show  its  appreciation  of  the  work  of  this 
Committee  during  the  past  year,  at  its  meeting  November  20,  passed 
the  following  resolution. 

That  this  Council  desires  to  express  its  high  appreciation  of  the  work  of  the 
Publication  Committee  in  maintaining  the  high  character  of  the  Society's 
publications,  and  adding  so  largely  to  the  Society's  income  during  the  past 
year. 
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MEBiBEKSHIP   COMMITTEE 

The  character  of  the  membership  is  maintained  by  the  scrupulous 
care  of  the  Membership  Committee,  and  acknowledgment  is  enthusi- 
astically given  them  for  their  pains. 

Out  of  401  applications,  368  have  been  favorably  considered. 

The  work  of  the  Committee  would  be  greatly  assisted  if  the  member- 
ship would  be  careful  to  assist  applicants  to  make  their  applications 
complete,  particularly  with  respect  to  stating  experience  and  duties 
performed,  rather  than  positions  held;  also  to  advise  applicants  that 
references  must  have  personal  knowledge  of  these  services. 

The  attention  of  the  membership  is  particularly  called  to  the  dignity 
of  the  Associate  grade,  the  age  requirement  of  which  is  the  same  as  for 
the  grade  of  Member.  Men  of  affairs  associated  with  engineers  are 
not  only  welcome  in  the  Society,  in  the  Associate  grade,  but  their 
support  and  their  interest  is  highly  valued. 

> 

HESEARCH  COMMITTEE 

The  Research  Committee  have  been  directing  the  accumulation  of 
material,  carrying  out  the  plan  of  work  of  their  committee,  and  have 
also  appointed  subcommittees  to  consider  in  detail  special  subjects, 
the  general  idea  being  to  serve  as  a  clearing  house  for  information, 
rather  than  to  direct  or  perform  actual  researches. 

The  Committee  are  securing  a  Ust  of  all  the  laboratories  in  which 
researches  are  being  made,  or  are  capable  of  being  made,  together  with 
reports  of  the  progress  of  each  research.  This  will  be  published  later, 
so  that  dupUcation  of  effort  through  the  United  States  will  not  be 
possible,  except  by  intention.  This  service  also  includes  the  notifying 
of  all  persons  desiring  suggestions  as  to  what  researches  may  advisedly 
be  undertaken  in  any  particular  field. 

PUBLIC   RELATIONS   COMMITTEE 

The  Public  Relations  Committee,  with  the  enthusiastic  interest 
of  the  President,  has  done  a  signal  service  to  the  profession  as  a 
whole  by  attempting  to  prevent  ill-advised  legislation  in  the  State 
of  New  York,  which  would  require  all  engineers  to  take  out  licenses. 
It  is  thought  that  by  preventing  such  legislation  in  one  State,  particu- 
larly New  York,  that  this  type  of  legislation  will  not  be  favored  in 
other  States. 
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REPORT  OF  THE  RESEARCH  COMMITTEE 

The  activities  of  the  Research  Committee  during  the  past  year 
are  not  entirely  revealed  by  the  tangible  results  which  have  been 
accomplished.  All  that  has  been  done  must  be  regarded  as  prelim- 
inary to  actual  work. 

The  Secretary's  office,  under  the  direction  of  the  Committee,  has 
improved  and  extended  its  directory  of  the  men  who,  as  mechanical 
engineers,  are  engaged  in  work  of  scientific  research  in  this  country. 
There  is  also  a  directory  of  the  laboratories  in  which  these  men  are 
working.  In  the  process  of  perfecting  this  record,  an  inquiry  was 
made  of  88  technical  schools  and  universities,  63  of  which  number 
have  reported.  The  list  includes  5  physical  laboratories,  15  chemical 
laboratories,  5  metallurgical  laboratories,  33  electrical  laboratories,  1 
laboratory  for  the  study  of  illumination  and  54  dealing  with  problems 
of  interest  to  the  Committee.  Of  these  54  laboratories,  47  are  especi- 
ally equipped  for  steam  engineering,  4  for  gas  engines,  33  for 
hydraulics,  26  for  testing  materials,  21  for  refrigeration,  and  6  for 
fuels.  A  small  number  are  prepared  for  work  in  compressed  air,  for 
a  study  of  oils,  for  sugar-house  engineering,  for  the  testing  of  road 
materials,  for  railway  engineering,  and  for  heating  and  ventilating. 
This  information  constitutes  a  permanent  record  in  the  file  of  the 
office  of  the  Secretary  and  is  available  to  all  members. 

There  have  been  two  formal  meetings  of  the  Committee,  one  in 
New  York  on  December  6, 1910,  and  the  other  in  Pittsburgh  on  June 
1,  1911. 

One  of  the  results  of  the  December  meeting  was  a  decision  on  the 
part  of  the  Committee  to  ask  authority  of  the  Coimcil  to  appoint 
sub-committees,  which  authority  was  duly  given. 

At  the  June  meeting  some  progress  was  made  in  the  development 
of  plans  for  the  sub-committees.  The  present  status  of  this  matter 
is  as  follows: 

A  Sub-Committee  on  Safety  Valve  Investigation,  which  is  to  deal 
with  the  whole  question  involving  the  action  and  the  efficiency  of 
safety  valves,  is  in  process  of  formation  under  the  chairmanship 
of  R.  C.  Carpenter,  a  member  of  the  Research  Committee.  The 
personnel  of  this  sub-committee  cannot  at  this  time  be  reported. 

It  has  been  proposed  to  have  a  Sub-Committee  on  Reseiirches  in 
Mechanical  Properties  of  Materials  Used  in  Electrical  Engineering, 
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and  R.  D.  Mershon,  a  member  of  the  Research  Committee,  has  been 
asked  to  act  as  Chairman. 

The  advisability  of  having  a  Sub-Committee  on  Fuel  Utilization 
was  considered,  and  it  was  voted  that  the  Gas  Power  Section  be  ad- 
\'ised  that  the  Research  Committee  will  depend  upon  it  to  cover 
this  field.    The  Gas  Power  Section  has  been  so  advised. 

It  was  agreed  that  there  should  be  a  Sub-Committee  on  Pneumatics 
and  Aeronautics,  but  such  a  sub-committee  has  not  yet  been  formed. 

Your  Committee  desires  in  this  connection  to  give  some  expres- 
sion of  the  service  performed  as  a  member  of  the  Committee  by 
James  Christie,  whose  death  has  occurred  during  the  past  year. 
Mr.  Christie  was  among  those  who  were  faithful  in  attending  Com- 
mittee meetings  and  who  gave  to  the  deliberations  of  the  Committee 
his  best  attention.  His  successor  upon  the  Committee  has  not  yet 
been  appointed. 

There  has  been  formed  a  Sub-Committee  on  Steam  Devices,  the 
personnel  of  which  is  as  follows:  R.  H.  Rice,  Member  of  the  General 
Research  Committee,  Chairman;  C.  J.  Bacon;  E.  J.  Berg;  W.  D. 
Ennis;  L.  S.  Marks;  Max  Patitz.  They  report  concerning  the 
present  state  of  knowledge  of  the  laws  governing  the  transmission  of 
heat  through  metallic  tubes  from  gases  and  liquids  to  gases  and 
liquids,  that  it  is  now  rather  definitely  established  that  in  the  general 
case,  the  heat  transfer  takes  place  in  at  least  three  separate  opera- 
tions: 

a  The  transfer  from  the  warmer  fluid  to  the  initial  surface  of 

the  tube. 
b  The  heat  passage  through  the  tube  wall  from  the  warmer 

surface  to  the  cooler  surface  of  the  tube. 
c  The  transfer  from  the  secondary  tube  wall  to  the  cooler 

fluid. 
This  has  been  expressed  by  the  general  equation  of  Peclet 

k     c     q     r 
where 

fc  =  the  coefficient  of  heat  transmission. 

q  depends  on  the  thermal  conductivity  of  the  tube  which  is 
known  quite  accurately  and  equals  ^*  where  D  =  thick- 
ness of  tube;  Kt=  a  constant  depending  on  the  material 
of  which  the  tube  is  made. 

d  V  • 
r  (following  Osborne  Rejrnolds)  =  ^j^^*  or  (following  Josse)  = 
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510  VFw;   where   dw=density  of  the  cooling  fluid,    Fw 
=  velocity  of  cooling  fluid,  and  fi  =  a  constant. 
c  (following  Pickworth  and  Nickolson)  =  1.27s+29400d.-306, 
an  empirical  formula  where  F»  =  velocity  of  the  hotter 
fluid  and  da=  its  density. 
As  compared  with  c  or  r,  g  is  always  so  large  that  in  practical  prob- 
lems it  can  be  neglected;   in   other  words,   the  heat-transferring 
capacity  of  metallic  tubes  is  always  largely  in  excess  of  the  heat 
which  is  brought  in  contact  with  the  tube  surface.    For  this  reason, 
it  is  much  more  convenient  to  use  a  simpler  expression,  such  as 
2j:=CVFw. 

Foiuier  stated  the  law  as 

where  S= surface,  2= time,  and  T  and  i= temperature.  When  S  and 
Z  are  unity,  this  expression  becomes  H=K{T-'t)  and  {T—t)  corre- 
sponds to  to  in  our  modern  expression.  H=N,  the  total  heat 
transferred,  and  iV  =  C  ^V^d  which  is  the  form  commonly  used 
today. 

There  are  many  practical  problems  connected  with  the  deter- 
mination of  the  laws  of  heat  transfer.  Some  of  the  more  important 
are: 

a  The   transfer  from  flue  gas  under  the  conditions  existing 
in  economizers.      Here  the  transfer  is  of  the  order  of 
2    B.  t.  u.  per  sq.  ft.  per  hr.  per   deg.    difference    of 
temperature. 
b  The  transfer  from  flue  gas  to  boiling  water  under  boiler  condi- 
tions (feedwater  heated  to  steam  temperature).     Here 
the  transfer  is  of  the  order  of  10  B.t.u.  per  sq.  ft.  per  hr. 
per  deg.  difference  of  temperature. 
c  The  transfer  from  flue  gases  to  steam  or  air  under  superheater 
or  air  heater  conditions.    This  transfer  is  of  the  order  of 
4  B.t.u.  per  sq.  ft.  per  hr.  per  deg.  difference  of  tempera- 
ture. 
d  The  transfer  from  hot  air  to  colder  water  under  air  cooler 
conditions.    This  is  of  the  order  of  4  B.t.u.  per  sq.  ft.  per 
hr.  per  deg.  difference  of  temperature, 
c  The  transfer  from  condensing  steam  to  water  under  surface 
condensing  conditions.    This  is  of  the  order  of  1500  B.t.u. 
per  sq.  ft.  per  hr.  per  deg.  difference   of  temperature 
when  no  air  is  present,  but  falls  off  to  500  to  600  B.t.u. 
when  an  ordinary  amount  of  air  is  present. 
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There  seems  to  be  an  essential  difference  in  the  action  when  a 
condensible  gas  or  vapor  is  the  high  temperature  fluid.  Here  the 
vapor  ^ves  up  its  latent  heat  to  the  colder  tube  and  contracts  enor- 
mously in  condensing,  causing  an  exceedingly  rapid  flow  normal  to 
the  tube.  It  may  be  that  an  analogous  action  takes  place  when  the 
colder  tube  is  exposed  to  the  "bombardment"  of  radiant  heat,  as  in 
the  case  of  boiler  tubes  exposed  to  the  rajrs  from  white  hot  surfaces 
or  fuel  or  brickwork.  Professor  Bone  in  his  lecture  before  the  Royal 
Society  last  year  stated  that  he  had  obtained  in  an  experimental 
boiler  an  evaporation  as  high  as  41  lb.  of  water  per  sq.  ft.  of  surface, 
which  corresponds  to  approximately  25  B.t.u.  per  sq.  ft.  per  hr.  per 
deg.  difference,  fbis  was  due  to  the  radiant  heat  condition.  Prob- 
ably the  best  exposition  of  the  problem  where  a  permanent  gas  is  the 
hotter  fluid  is  given  in  Professor  Dalby's  report  to  the  Institution  of 
Mechanical  Engineers,  October  29, 1909,  and  his  conclusions  summed 
up  on  pages  25  to  28  show  the  exceedingly  difficult  nature  of  the 
problem  and  the  necessarily  costly  means  which  must  be  used  for  its 
complete  solution.  The  main  factor  is  the  determination  of  the  tem- 
perature gradients  in  all  parts  of  the  boiler.  That  this  is  also  true  of 
the  condenser  conditions  may  be  seen' from  the  work  of  Smith  and 
Josse  and  the  paper  read  by  Mr.  Orrok  before  the  Society  last  year. 
The  "mass  flow"  theory  of  Osborne  Reynolds  and  Jordan  seems 
to  be  another  form  of  stating  the  fact  that  where  more  heat  is  present 
more  is  transmitted,  and  it  is  known  that  this  is  true  up  to  the  limit  of 
heat  transfer.  Ejreisinger  and  Ray  have  investigated  this  problem, 
with  an  experimental  boiler  using  air  heated  electrically  as  the  hotter 
fluid,  and  their  results  have  been  widely  quoted.  The  work  of  Perry 
developed  by  Breckenridge  in  Bulletin  325  of  the  Geological  Survey 
is  also  of  great  value  in  this  connection. 

Summarizing,  the  lines  of  work  which  will   be  most  fruitful  are 
as  follows: 

a  A  flnal  determination  of  the  radiant  heat  law  (Stefan's  law) 
with  a  separation  from  conduction  and  convection  prob- 
lems.   It  is  probable  that  Stefan's  law  is  nearly  correct, 
but  does  the  black  body  condition  exist,  and  between 
what  ranges  of  temperature?    Bone's  experiments  seem  to 
show  that  it  may  exist  at  temperatures  below  red  heat. 
(See  Bulletin  No.  8,  Department  of  Mines.) 
It  is  known  that  in  boiler  conditions  radiation  is  much  more  effi- 
cient than  either  conduction  or  convection.    How  much  of  the  heat 
supply  can  be  developed  as  radiant  energy?     Both  Nicholson  and 
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Bone  claim  that  the  boiler  of  the  future  will  depend  largely  on  radia- 
tion rather  than  conduction. 

6  More  study  of  the  phenomena  of  heat  transfer  in  the  absence 
of  radiant  energy  (if  this  is  possible).    What  is  the  effect 
of  dust  and  soot  in  the  gases?    Do  the  dust  particles  act 
as  black  bodies  and  give  out  radiant  energy?    It  has  been 
stated  that  98  per  cent  of  the  temperature  drop  took 
place  in  the  passage  of  the  heat  from  the  gas  to  the  tube 
surface.     Is  this  statement  correct,  and  if  so,  can  the 
"gas  film"  be  removed  or  made  a  better  conductor? 
c  Determination  of  the  temperature  gradient  under  a  variety 
of  practical  conditions,   and  with  full  size  apparatus. 
Does  the  gas  film  give  more  trouble  when  inside  a  fire 
tube  with  axial  flow  of  gases  or  when  outside  a  water  tube 
with  a  flow  across  the  surface? 
d  A  determination  of  the  law  of  temperature  rise  in  the  water 
flowing  in  a  condenser  tube.    The  tube  should  be  long 
and  the  thermometers  numerous. 
e  A  repetition  of  Smith's  experiments  with  the  addition  of 
known  amount  of  air  and  with  the  use  of  very  sensitive 
thermometers.    This  series  should  include  all  commercial 
vacua,  and  the  lower  end  of  the  steam  table  should  be 
recalculated  with  much  smaller  intervals  for  use  in  in- 
terpreting the  results. 
f  The  expressions,  radiant  heat,  latent  heat,  etc.,  have  been  used. 
Sensible  heat  is  defined  as  molecular  motion.    Radiant 
beat  has  been  defined  as  ether  waves.    When  latent  heat 
is  set  free  as  in  a  condenser,  is  it  molecular  or  ethereal  in 
its  constitution?    In  chemistry,  when  an  element  is  set 
free  from  combination,  there  is  what  is  known  as  the 
nascent  state.    Does  an  analogous  action  take  place  when 
heat  is  set  free  from  the  latent  state? 
Some  of  these  questions  should  perhaps  be  answered  by  the  phy- 
sicist rather  than  the  engineer,  but  seem  to  the  Committee  to  be  true 
engineering  problems  to  be  studied  through  their  applications  if  a 
complete,  reasonable  and  satisfying  theory  is  to  be  obtained. 

Respectfully  submitted, 
W.  F.  M.  Goss,  Chairman 
R.  C.  Carpenter 
R.  D.  Mershon 
R.  H.  Rice 
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REPORT  OF  COMMITTEE  ON  IDENTIFICATION  OF 

POWER  HOUSE  PIPING 

« 

a  In  the  main  engine  rooms  of  plants  which  are  well  lighted,  and 
where  the  functions  of  the  exposed  pipes  are  obvious,  all  pipes  shall 
be  painted  to  conform  to  the  color  scheme  of  the  room;  and  if  it  is 
desirable  to  distinguish  pipe  systems,  colors  shall  be  used  only  on 
flanges  and  on  valve  fitting  flanges. 

b  In  all  other  parts  of  the  plant,  such  as  boiler  house,  basements, 
etc.,  all  pipes  (exclusive  of  valves,  flanges  and  fittings), except  the  fire 
system,  shall  be  painted  black,  or  some  other  single,  plain,  durable, 
inexpensive  color. 

e  All  fire  lines  (suction  and  discharge),  including  pipe  lines,  valve 
flanges  and  fittings,  shall  be  painted  red  throughout. 

d  The  edges  of  all  flanges,  fittings  or  valve  flanges  on  pipe  lines 
larger  than  4  in.  inside  diameter,  and  the  entire  fittings,  valves  and 
flanges  on  lioes  4  in.  inside  diameter  and  smaller,  shall  be  painted 
the  following  distinguishing  colors,  numbered  1  to  12,  inclusive: 

DISTINGUISHING    COLORS   TO    BE    TSED    ON    VALVES,    FLANGES 

AND  FITTINGS  ONLY 

Steam  division a  High  pressure — white 

b  Exhaust  system — buff 

Water  division c  Fresh  water,  low  pressure — blue 

d  Fresh  water,  high  pressure  boiler  feed 

lines — blue  and  white 
e  Salt  water  piping — green 

Oil  division /  Delivery  and  discharge — brass  or  bronze 

yellow 

Pneumatic  division g  All  pipes — gray 

Gas  division h  City  lighting  service — aluminum 

i  Gas  engine  service-black,  red  flanges 

Fuel  oil  division j  All  piping — black 

Refrigerating  system k  White  and  green     stripes    alternately 

on  flanges  and  fittings,  body  of  pipe 
being  black 

Electric  lines  and  feeders I    Black  and    red  stripes  alternately  on 

flanges   and   fittings,    body   of   pipe 
being  black 
Respectfully  submitted, 

H.  G.  Stott,  Chairman 
F.  R.  HuTTON  Committee  on 

I.  E.  MouLTROP  [  Identification  of  Power 

H.  P.  Norton  House  Piping 

J.  T.  Whittlesey 
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MEETINGS  JANUARY-JUNE 

MEETINGS  PREVIOUS  TO  THE  SPRING  MEETING 

NEW  YOBK,  JANUABY   10 

The  Mechanical  Handlmg  of  Freight:  Paper  by  Samuel  B.  Fowler, 
consulting  engineer,  of  Boston.  This  paper  treats  of  the  lack  of 
adequate  terminal  facilities,  increase  of  net  income  and  lower  freight 
rates,  and  the  possibility  of  increasing  these  facilities  and  solving  the 
present  problems  by  the  substitution  of  mechanical  devices  for  manual 
labor  and  hand  trucks.  Published  in  The  Journal,  January  1911. 
For  the  discussion  on  this  paper  see  The  Journal,  July  1912. 

PHILADELPHIA,   JANUARY  28 

Discussion  of  project  for  holding  meetings  of  the  Society  in  Phila- 
delphia on  the  plan  of  those  already  in  progress  in  other  cities. 

BOSTON,   JANUARY  31 

Engineers'  dinner,  attended  by  more  than  400  representatives  of 
different  branches  of  the  profession,  at  the  Hotel  Somerset,  under 
the  charge  of  the  Boston  section  of  the  American  Institute  of  Elec- 
trical Engineers,  the  Boston  Society  of  Civil  Engineers  and  The 
American  Society  of  Mechanical  Engineers  cooperating.  John  F. 
Vaughan,  Chairman  of  the  Boston  section  of  the  American  Institute 
of  Electrical  Engineers  presided,  and  the  speaker  of  the  evening  was 
Prof.  Elihu  Thompson,  Mem.  A.  I.  E.  E.,  of  Lynn,  Mass.  Ad- 
dresses were  also  made  by  J.  J.  Carty,  Mem.  A.  I.  E.  E.,  chief  engineer 
of  the  American  Telephone  and  Telegraph  Company,  who  represented 
the  American  Institute  of  Electrical  Engineers  in  the  absence  of  Presi- 
dent Jackson;  Col.  E.  D.  Meier,  President  Am.  Soc.M.E.;  and  Henry 
F.  Bryant,  President  of  the  Boston  Society  of  Civil  Engineers.  Prof. 
Ira  N.  Hollis,  Mem.  Am.  Soc.  M.  E.,  spoke  of  the  status  of  plans  for 
an  engineers'  building  in  Boston.  An  account  of  this  meeting  was 
given  in  The  Journal  for  March  1911, 
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NEW   YORK,    FEBRUARY   14 

The  Mechanical  Engmeer  and  the  Prevention  of  Accidents:  Paper 
by  John  Caider.  This  discusses  the  nature  and  incidence  of  indus- 
trial injury,  its  prevalence  and  high  rate  in  the  United  States  in  par- 
ticular, and  the  present  general  desire  for  better  conditions  of  safety. 
The  chief  causes  of  injury  are  analyzed  by  means  of  a  study  by  the 
author  of  a  large  number  of  verified  casualties,  and  practicable 
remedies  are  recommended.  The  part  of  the  mechanical  engineer 
in  this  matter  is  especially  dib^ussed. 

The  paper  appears  in  The  Journal,  February  1911;  discussion 
published  July  1911. 

BOSTON,   FEBRUARY    17 

Economic  Limitations  to  Aggregation  of  Power  Systems:  Paper 
by  R.  A.  Philip,  Assoc.  A.  I.  E.  E.,  of  the  Stone  and  Webster  Engi- 
neering Corporation,  Boston.  Published  in  Proceedings  of  the  Ameri- 
can Institute  of  Electrical  Engineers  for  February  1911. 

NEW   YORK,   MARCH    10 

Meeting  >\'ith  the  American  Institute  of  Electrical  Engineers. 
Papers:  Comments  on  Fixed  Costs  in  Industrial  Power  Plants,  and 
Notes  on  the  Cost  of  Electrical  Energy,  by  John  C.  Parker;  and  The 
Cost  of  Industrial  Power,  by  A.  E.  Hibner,  Assoc.  A.  I.  E.  E.  Pub- 
lished in  Proceedings  of  the  Institute,  March  1911. 

SAN   FRANCISCO,    MARCH    10 

Second  meeting  for  consideration  of  Pacific  Coast  Practice  in  the 
Use  of  Crude  Petroleum.  Papers  and  discussion  published  in  The 
Journal,  August  1911,  and  in  condensed  form  in  this  volume. 

BOSTON,    MARCH    17 

Speed  Regulation  in  Hydroelectric  Plants:  Paper  by  Win.  F.  Uhl. 
Published  in  The  Journal,  February  1911.  See  also  Volume  34  of 
Transactions. 

ST.   LOUIS,   MARCH  25 

Business  meeting,  addressed  by  Col.  E.  D.  Meier,  President  Am. 
Soc.  M.  E. 
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NEW   YORK,   APRIL   11 

The  Economic  Importance  of  the  Farm  Tractor:  Paper  by  L.  W. 
EHlis,  traction  plowing  specialist  of  the  M.  Rumely  Company,  LaPorte, 
Ind.  Published  in  The  Journal,  March  1911,  and  in  this  volume  in 
abstract  form. 

BOSTON,   APRIL  21 

Oil  Fuel  for  Steam  Boilers:  Paper  by  B.  R.  T.  Collins.  Published 
in  the  Journal,  August  1911,  and  in  this  volume  in  abstract  form. 

PHILADELPHIA,   APRIL  22 

The  Work  of  the  United  States  Fuel  Testing  Station:  Paper  by 
J.  C.  Parker,  giving  curves  plotted  from  the  results  published  by  the 
United  States  Fuel  Testing  Station. 

PROVIDENCE,   MAY  3 

Engineers'  dinner,  for  organization  of  meetings  in  Providence. 
Addressed  by  Edwin  C.  Bliss,  President  of  the  Providence  Associ- 
ation of  Mechanical  Engineers;  William  Howard  Paine,  acting  as 
toastmaster;  Calvin  W.  Rice,  Secretary  Am.Soc.M.E.;  Col.  E.  D. 
Meier,  President  Am.Soc.M.E.;  F.  R.  Hutton,  Honorary  Secretary 
Am.Soc.M.E.  An  account  of  this  meeting  appears  in  The  Journal 
for  June  1911. 

NEW   YORK,   MAY   9 

Patent  Law:  Papers  on  the  More  Fundamental  Principles  of  Patent 
Law,  by  Edwin  J.  Prindle;  Letters  Patent  for  Inventions,  by  D. 
Howard  Haywood;  the  Patent  Expert,  by  E.  W.  Marshall.  The 
first  of  these  papers  appears  in  The  Journal,  July  1912,  and  the  second 
in  this  volume.     All  three  papers  are  available  in  pamphlet  form 

BOSTON,    MAY   17 

The  Electric  Motor  m  the  World's  work:  Paper  by  Fred.  M. 
Kimball,  Assoc.A.I.E.E.,  West  Lynn,  Mass.,  briefly  describing  the 
development  of  the  electric  motor  from  the  discovery  of  the  funda- 
mental principles  early  in  the  ninctoonth  century  up  to  the  present 
time- 
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PHILADELPHIA,  JT7NE  3 

Continuation  of  meeting  on  Fuel  Testing,  held  in  April. 

ST.   LOUIS,   JUNE  7 

Engineers'  dinner,  under  the  auspices  of  the  Engineers  Club  of 
St.  Louis.  J.  D.  von  Maur,  president  of  the  Club,  acted  as  toast- 
master  and  spoke  of  the  joint  professional  meetings  in  which  the 
members  of  the  American  Society  of  Civil  Engineers,  the  American 
Institute  of  Electrical  Engineers,  The  American  Society  of  Mechanical 
Engineers,  the  American  Society  of  Engineering  Contractors,  and 
the  Engineers  Club  had  participated.  M.  L.  Holman,  Past-President 
Am.Soc.M.E.  and  of  the  Engineers  Club;  Col.  E.  D.  Meier,  President 
Am.Soc.M.E.,  C.  M.  "Woodward,  Past-President  of  the  Engineers 
Club  and  founder  of  the  first  manual  training  school  in  the  country, 
and  Col.  Ed.  Devoy  were  among  the  speakers  of  the  evening.  An 
account  of  the  meeting  appears  in  The  Journal  for  July  1911. 


THE  SPRING  MEETING 

The  Spring  Meeting  was  held  at  Pittsburgh,  Pa.,  May  30  to  June 
2,  1911,  with  an  attendance  of  307  members  and  353  guests.  Most 
of  the  social  gatherings  were  held  at  the  Hotel  Schenley,  where  the 
registration  headquarters  were  maintained,  but  the  business  meetings 
and  professional  sessions  were  held  in  the  lecture  hall  of  the  Carnegie 
Institute  and  in  the  Carnegie  Technical  Schools. 

This  meeting  was  an  unusually  strong  combination  of  pleasant 
social  features,  interesting  technical  excursions  and  valuable  profes- 
sional sessions.  The  papers  were  of  unusual  interest,  and  in  spite  of 
many  other  attractions  the  professional  sessions  were  all  well  attended. 


PROGRAM 

Tuesday  Afternoon  and  Evening^  May  SO 

Registration  and  informal  reunion  in  the  parlors  of  the  Hotel 
Schenley. 
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Wednesday  Morning,  May  31 

Biudness  meeting.  Reports  of  committees,  tellers  of  election.  New 
business. 

Symposium  on  Cement  Manufacture 

Some  Problems  of  the  Cement  Industry,  Walter  S.  Landis, 
Edison  Roll  Crushers,  W.  H.  Mason. 

Power  and  Heat  Distribution  in  Cement  Mills,  L.  L. 
Griffiths. 

Discussed  by  F.  B.  Gilbreth,  R.  K.  Meade,  W.  R.  Dunn,  H.  Struckmann, 
G.  J.  Reilly,  G.  P.  Hemstreet,  F.  L.  Schwenck,  H.  E.  Brown,  W.  B.  Buggies, 
W.  M.  Kinney,  Paul  C.  Van  Zandt. 

Wednesday  Afternoon 

Inspection  trip  to  Universal  Portland  Cement  Company  Works 
at  Universal,  and  to  the  Westinghouse  Electric  &  Manufacturing 
Company  works  and  the  Westinghouse  Machine  Company  works 
at  East  Pittsburgh. 

Inspection  of  the  Foundry  and  Machine  Company  exhibit  at  Expo- 
sition Building. 

Wednesday  Evening 

Machine  Shop  Session 

The  Assembly  of  Small  Interchangeable  Parts,  John  Calder. 
The  Process  op  Assembling  a.  Small  and  Intricate  Machine, 
Halcohn  Ellis. 

Quantity  Manufacture  of  Small  Parts,  F.  P.  Cox. 

Discussed  by  Hugo  Diemer,  E.  Puchta,  C.  W.  Ripsch,  C.  W.  Johnson,  W.  J. 
Kaup,  N.  W.  Perkins,  Jr.,  A.  C.  Jackson. 

Milling  Cutters  and  their  Efficiency,  A.  L.  DeLeeuw. 

Discussed  by  W.  S.  Huson,  John  Parker,  A.  F.  Murray. 

Gas  Power  Section 

Topical  Discussion  on  Large  Blast-Furnace  Gas-Power 
Plants,  A.  E.  Maccoun,  R.  H.  Stevens,  A.  N.  Diehl,  A.  L.  Hoehr, 
H.  J.  Freyn,  E.  Friedlander. 
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*  

The  Work  of  the  U.  S.  Bureau  of  Mines,  S.  B.  Flagg  and 
C.  D.  Smith. 

No  discussion. 

Thursday  Morning,  June  1 

Stresses  in  Tubes,  R.  T.  Stewart. 

No  discussion. 

The  Purchase  of  Coal,  D.  T.  Randall. 

Discussed  by  R.  C.  Carpenter,  W.  F.M.  Goss,  E.  D.  Meier,  C.  W.  Rice,  C.  W. 
Baker. 

Energy  and  Pressure  Drop  in  Compound  Steam  Turbines, 

F.  E.  Cardullo. 

Discussed  by  W.  H.  Herschel,  C.  H.  Peabody,  W.  D.  Ennis. 

The  Pressure-Temperature  Relations  of  Saturated  Steam, 
L.  S.  Marks. 

Presented  by  title  only.  No  discussion. 

A   Pressure  Recording  Indicator  for  Punching  Machinery, 

G.  C.  Anthony. 

Discussed  by  R.  C.  Carpenter,  Julian  Kennedy. 

Thursday  Afternoon 
Inspection  trip  to  National  Tube  Company  Works,  McKeesport. 

Thursday  Evening 
Reception  and  dance  at  Hotel  Schenley. 

Friday  Morning,  June  2 

Steel  Works  Session 

Commercial  Application  of  toe  Turbine  Turbo-Compressor, 
R.  H.  Rice. 

Discussed  by  E.  D.  Dreyfus,  J.  E.  Johnson,  Jr.,  R.  N.  Ehrhart,  C.  G.  de 
Laval,  Julian  Kennedy,  Joseph  Morgan,  C.  J.  Bacon,  H.  J.  Freyn. 
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Reciprocating  Blast-Purnace  Blowing  Engines,  W.  Trinks. 

Discussed  by  E.  T.  Child,  F.  E.  Cardullo. 

Power  Forging,  with  Special  Reference  to  Steam-Hydrau- 
lic Forging  Presses,  Barthold  Gerdau  and  George  Mcsta. 

Discussed  by  J.  I.  Rogers  and  W.  E.  Hall. 

Friday  Afternoon 

Inspection  trip  to  Carnegie  Steel  Company  Works,  Duquesne,  and 
Mesta  Machine  Company  Works,  West  Homestead. 

Friday  Evening 

Smoker  and  entertainment  given  by  the  Engineers  Society  of 
Western  Pennsylvania  in  the  Union  Club. 

ORGANIZATION  OF  COMMITTEES 


EXECUTIVE  COMMITTEE 

E.  M.  Herr,  Chairman 
Chester  B.  Albree 
D.  F.  Crawford 
Elmer  K.  Hilbs,  Secretary 


MoKKis  Knowles 

George  Mesta 

J.  M.  Tate,  Jr. 


C.  W.  Bennett 
F.  M.  Bowman 


FINANCE  COMMirrKE 


George  Mesta,  Chairman 


A.  C.  Dinkey 


ENTERTAINMENT   COMMITTEE 


T.  J.  Bray 
W.  C.  Coffin 


John  M.  Tate,  Jr.  Chairman 


Taylor  Alderdice 
J.   A.   Brashear 
J.  N.  Chester 
A.  A.  Hamerschlao 


J.  M.  Schoonmakek 


Julian  Kennedi 

J.  C.  McQuiston 

C.  J.  Mesta 

P.  C.  Patterson 
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Geo.  H.  Clapp 
F.  I.  Ellib 


COMMITTEE   ON   HOTELS 


C.  N.  Albree,  Chairman 


S.  B.  Ely 
C.  C.  Smith 


COMMITTEE   ON    PRINTING   AND   PUBLICITY 


E.  D.  Dreyfus 
E.  H.  Heinrickb 


Morris  Knowles,  Chairman 


J.  W.  Murray 
F.  E.  Town 


H.  B.  Ayers 
Frank  Connors 


COMMITTEE   ON  TRANSPORTATION 


D.  F.  Crawford,  Chairman 


Geo.  T.  Laod 
Wyn  B.  Morris 


LADIES'  COMMITTEE 


Mrs.  Chester  B. 
Mrs.  Joseph  Albree 
Mrs.  Taylor  Alderdice 
Mrs.  Albert  J.  Barr 
Mrs.  Thomas    J.  Bray 
Mrs.  J.  D.  Gallery 
Mrs.  W.  W.  Card 
Mrs.  George  H.  Clapp 
Mrs.  S.  G.  Cooper 
Mrs.  D.  F.  Crawford 
Mrs.  Harry  Darlington 
Mrs.  a.  C.  Dinkey 
Mrs.  Herbert  DuPuy  • 
Mrs.  Wm.  N.  Frew 
Mrs.  a.  a.  Hamerschlag 
Mrs.  E.  M.  Herr 
Mrs.  William  Holland 
Mrs.  John  G.  Holmes 


Albree,  Chairman 

Mrs.  Morris  Knowles 

Mrs.  George  T.  Ladd 

Mrs.  Alex.  Lauohlin 

Mrs.  Willis  L.  McCook 

Mrs.  T.  H.  B.  McKnight 

Mrs.  William  L.  Mellon 

Mrs.  Frank  Moore 

Mrs.  F.  F.  Nicola 

Mrs.  E.  W.  Pargny 

Mrs.  C.  C.  Ramsey 

Miss  Suzanne  Riddle 

Mrs.  Wallace  Rowe 

Mrs.  Chas.  C.  Scaifb 

Mrs.  J.  M.  Schoonmaker 

Mrs.  Wm.  P.  Snyder 

Mrs.  John  M.  Tatb,  Jr. 

Mrs.  George  E.  Tener 


No.  1307 

TOPICAL  DISCUSSION  ON  FUEL  OIL 

THE  PRODUCTION  OF  PETROLEUM  ON  THE   PACIFIC 

COAST 

By  Arthur  F.  L.  Bell,  San  Francisco,  Cal.' 

Non-Member 

Attention  was  first  drawn  in  the  early  60's  to  the  presence  of  petro- 
leum in  California  by  the  discovery  of  numerous  oil  seepages  in  Los 
Angeles,  Ventura,  Santa  Barbara  and  adjacent  counties.  Most  of 
the  early  drilling  was  confined  to  Ventiu-a  County  and  until  the 
discovery  of  the  Los  Angeles  City  field  no  other  area  exceeded  about 
40  acres.  In  1882  the  Los  Angeles  field  came  in  with  an  approxi- 
mate area  of  400  acres.  The  oil  territory  traversed  a  narrow  strip 
in  the  northwestern  portion  of  the  city,  crossing  hundreds  of  city 
lots,  80  that  in  consequence  all  lot  owners  became  oil  operators  or 
leased  their  lots  to  others.  The  formation  was  so  easily  drilled  that 
portable  rigs  were  used  and  in  many  instances  wells  about  800  ft. 
in  depth  were  completed  in  a  week.  As  late  as  the  year  1900,  a 
well  2000  ft.  in  depth  was  considered  exceptional  and  there  were 
but  a  few  in  the  State,  whereas  today  we  have  wells  of  one  mile  or 
over  in  depth. 

2  Such  conditions  resulted  in  an  immediate  over-production  with 
a  corresponding  drop  in  price  of  oil  from  about  $1.50  per  bbl.  pre- 
vious to  the  discovery  of  the  Los  Angeles  field,  to  from  15  to  30  cents 
per  bbl.  in  Los  Angeles  in  1896.  This  low  price  caused  every  South- 
em  California  industry  that  required  fuel  in  its  operations  to  adopt 
oil  on  account  of  its  cheapness  and  resultant  saving.  The  real  open- 
iiig  of  California's  oil  industry  may  be  said  to  date  from  the  discovery 
of  the  Los  Angeles  field.  In  1898  this  field  was  on  the  wane  and  the 
price  of  oil  rose  to  the  dollar  mark.    The  universal  adoption  of  oil 

^  The  Associated  Oil  Co. 


In  abstract  form.  Presented  at  San  Francisco  meetings,  December  1910 
and  March  1911,  of  The  American  Society  of  Mechanical  Engineers.  A 
more  complete  account  appears  in  The  Journal,  August  1911. 
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in  Southern  California  had  interested  so  many  men  in  the  industry, 
however,  that  new  fields  were  sought,  with  the  result  that  the  Fullerton, 
Coalinga,  Kern  River,  McKittrick,  and  Sunset  fields  were  inmiediately 
exploited  in  the  order  named  and  by  1902  the  price  of  oil  again  fell  to 
15  and  20  cents  per  bbl.  in  the  Kern  field.  The  production  of  the 
cheap  Kern  River  oil  forced  its  use  over  the  entire  Pacific  Coast 
States  as  well  as  the  Hawaiian  Islands. 

3  It  should  be  understood  that  in  the  early  development  of  the 
oil  industry  the  discovery  of  oil  was  greatly  a  matter  of  chance.  All 
of  the  early  fields,  including  the  Los  Angeles  City  field,  Kern  River, 
Coalinga,  Sunset,  etc.,  were  discovered  by  drilling  close  to  oil  seep- 
ages. The  Summerland  field  was  discovered  by  chance  through  dig- 
ging a  water  well.  The  Kern  field  was  discovered  by  a  wood  chopper 
who,  having  seen  a  small  seepage  on  the  bank  of  the  Kern  River, 
dug  a  well  and  with  the  proverbial  good  luck  of  the  novice  struck 
oil  at  about  75  ft. 

4  Today  the  industry  has  become  so  well  understood  that,  to 
extend  the  field,  instead  of  the  operator  hugging  the  outcrop,  he 
confidently  locates  his  well  far  out  in  the  valley  or  in  the  outlying 
ranges  within  the  possible  oil  belt,  in  many  cases  miles  from  the  near- 
est production.  Where  he  has  used  fair  judgment,  based  on  the 
knowledge  which  we  now  have  of  the  geological  conditions  of  the 
oil  measures,  the  chances  of  failure  are  greatly  reduced.  The  pres- 
ent development  of  the  oil  industry  is  due,  first,  to  the  improvement 
in  the  art  of  drilling  wells  which  has  enabled  us  to  reach  successfully 
and  economically  depths  of  from  4000  to  5000  ft.;  and,  second,  to 
knowledge  of  the  oil-bearing  formation,  for  which  we  are  to  a  great 
extent  indebted  to  the  United  States  Geological  Survey,  which  has 
for  the  last  few  years  had  a  corps  of  geologists  in  the  field  mapping 
and  cross-sectioning  proven  and  possible  oil  territory.  It  is  satis- 
factory to  note  that  during  the  last  year  successful  discoveries 
have  been  made  in  far  outlying  districts,  reported  as  possible  oil 
territory  by  the  United  States  Geological  Survey. 

5  California  oils  are  found  in  the  tertiary  formation  in  loose  sandy 
beds.  In  many  cases  these  sand  strata  are  from  400  to  500  ft.  thick, 
which  allows  for  enormous  storage  of  oil,  whereas  in  the  Eastern  fields 
the  older  rocks  have  become  so  cemented  and  are  so  close-grained 
that  there  is  no  room  for  storing  the  oil,  a  difference  which  accounts 
for  the  small  production  of  the  Eastern  wells  compared  with  those 
of  California. 

6  In  1908,  the  United  States  Geological  Survey  reported  8450 
sq.  mi.  (5,408,000  acres)  of  possible  oil  territory  in  the  United  States, 
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giving  California  850  sq.  mi.  (544,000  acres),  or  about  one-tenth  of 
the  total  area,  and  also  credit  for  one-half  of  the  probable  minimum 
oilproduction  of  the  United  States,  or  one-third  of  the  probable  maxi- 
mum production.  The  contents  of  the  probable  oil  lands  of  the 
United  States  in  barrels  of  42  gal.  have  also  been  estimated  as  follows: 

Minimum      Maximum  Minimum       Maximum 

Appalachian. .  2,000,000,000  5,000,000,000  Gulf 250,000,000    1,000,000,000 

Lima-Indiana  1,000,000,000  3,000,000,000  California  5,000,000,000    8,500,000,000 

Illinois 350,000,000  1,000,000,000  Minor. ...  1,000,000,000    5,000,000,000 

Mid-continent    400,000,000  1,000,000,000  Total 10,000,000,000  24,500,000,000 

The  following  shows  the  average  daily  production  per  well  in  the 

various  fields  of  the  United  States: 

Bbl.  Bbl. 

Appalachian 1.73  Illinois 8.73 

Lima-Indiana 2.74  Mid-continent 5.29 

Colorado  &  Wyoming  ....  8.35  Gulf 14. 08 

California    42  56 

7  These  were  conservative  estimates  when  made  two  years  ago, 
but  the  development  in  the  industry  has  been  so  rapid  that  they  will 
not  answer  for  today.  I  have  therefore  made  an  estimate  of  what  I 
consider  the  proven  and  prospective  areas  of  today  in  California,  which 
shows  a  total  area  of  practically  proven  oil  territory  of  94,200  acres, 
with  an  estimated  production  of  4,319,000,000  bbl.,  and  a  probable 
extension  of  oil  territory  of  338,320  acres,  with  an  estimated  produc- 
tion of  13,258,000,000  bbl.,  making  a  grand  total  of  proven  territory 
of  432,520  acres  and  17,577,000,000  bbl.  The  total  consumption  to 
date  has  been  about  383,000,000  bbl.,  leaving  an  estimated  future 
possible  production  of  17,194,000,000  bbl.  Table  1  gives  an  itemized 
statement  of  the  production  by  counties  and  fields. 

8  In  submitting  the  above  estimate  of  extractable  oil,  which  is 
about  double  the  estimate  of  the  United  States  Geological  Survey, 
I  can  only  say  that  it  is  impossible  for  any  one  to  state  definitely 
what  our  actual  production  will  be.  I  have  included  as  possible  terri- 
tory only  what  I  consider,  with  our  present  knowledge,  probable 
territory,  amounting  to  about  700  sq.  mi.,  but  it  is  quite  possible  that 
a  greater  acreage  will  be  developed  which  will  bring  the  total  up  to 
or  over  the  estimate  of  the  United  States  Geological  Survey  of  850 
sq.  mi.,  which  should  again  increase  the  quantity  of  prospective 
extractable  oil. 

9  In  the  computation  I  have  made,  I  have  assumed  the  interstices 
in  the  sand  to  be  three-tenths  of  its  bulk  and  that  it  is  filled  with 
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oil  of  which  one-third  would  be  held  by  capillary  attraction  to  the 
sand,  one-third  as  readily  extractable  oil,  and  the  remaining  one- 
third  as  oil  which  can  not  be  obtained.  This  would  admit  of  pro- 
ducing about  f  gal.  per  cu.  ft.  of  oil  sand,  or  750  bbl.  per  acre 
foot.  To  substantiate  these  figures,  I  will  state  that  prior  to  1900, 
the  Alcatraz  Asphalt  Company  in  Santa  Barbara  County,  mechani- 
cally extracted  from  the  bitimiinous  sands  at  its  Carpenteria  and 
Sisquoc  refineries,  27  per  cent  and  25  per  cent  respectively  of  bitumen. 
These  sands  were  exposed  oil  sands  from  which  the  bitumen  or 
dried-out  oil  was  being  extracted. 

10  In  1901,  Bernard  Bienenfeld,  William  MulhoUand,  and  the 
writer,  acting  as  commissioners  for  the  purpose  of  appraising  the  value 
of  the  different  properties  in  the  Kern  field  that  were  to  form  the 
Associated  Oil  Company,  determined  that  the  Kern  field  oil  sand 
did  contain  32  per  cent  of  void  in  the  sand  and  when  filled  with  oil, 
amounted  to  2.4  gal.  per  cu.  ft.  It  will  therefore  be  seen  that  an 
estunate  based  on  an  extraction  of  }  gal.  per  cu.  ft.,  or  750  bbl.  per 
ftcreft.,  should  not  be  considered  as  unreasonable  if  only  the  correct 
thickness  of  productive  sands  is  figured. 

11  To  determine  the  life  of  our  field,  taking  the  submitted  figures 
as  a  basis,  we  would  have,  if  we  assumed  the  present  production  of 
75,000,000  bbl.  as  the  maximum  consumption,  52J  years'  supply  for 
the  proven  territory,  and  for  the  proven  and  prospective  territory, 
less  consumption  to  date,  about  230  years'  supply.  If  our  consump- 
tion is  increased,  as  it  naturally  will  be,  the  life  of  our  fields  must  be 
reduced  proportionally.  Our  consumption  for  1910  will  amount  to 
about  63,000,000  bbl.,  as  about  12,000,000  bbl.  will  have  gone  into 
storage  this  year,  and  at  the  end  of  1910  we  will  have  in  storage  about 
30,000,000  bbl.,  or  about  five  months'  supply.  The  following  is  a 
list  of  the  recorded  production  of  California  from  1875  to  1910,  inclu- 

« 

fflve,  and  the  average  daily  production  per  well: 

Bbl.  Average  bbl.  per 

produced  well  per  day 

1875 3,000  4.11 

1880 40,552  15.83 

1885 325,000  38.70 

1890 307,360  15.88 

1885 1,208,482  13. 19 

1900 4,324,484  9.15 

1905 33,427,473  33.49 

1910  (estimated) 75,000,000  42.10 

Total 382,821,212 


32 


FUEL  OIL 


COMPARATIVE  EVAPORATIVE  VALUES  OF  COAL 

AND  OIL 

By  C.  F.  Wiblaxd,  San  Francisco,  Cal. 
Member  of  the  Society 

12  In  comparing  the  evaporative  values  of  the  two  fuels,  coal 
and  oil,  it  is  only  fair  to  select  a  coal  that  is  considered  standard  and 
that  is  largely  used  in  evaporative  tests.  It  would  not  be  just  to 
select  a  coal  of  the  inferior  value  of  our  Western  coals,  and  Pocahon- 
tas coal  and  Kern  crude  oil  are  therefore  selected  as  a  basis  of  com- 
parison, having  analyses  as  follows: 

^,  ""  OU.  14^ 

Per  Ce'nt  ^"^V^^' 

Per  Cent 

Proximate  Analysis 

Fixed  carbon 73.30             

Volatile  matter 17.61             

Moisture 0.49  0.15 

Ash 8.60             

100.00 

Ultimate  Analysis 

Carbon 82.26  87.64 

Hydrogen 3.89  10.48 

Sulphur 0.49  1.02 

Oxygen 4.12  0.08 

Nitrogen 0,64  0.78 

Ash 8.60  

Sludge 

100.00  100.00 

Calorific  B.t.u 14,067  18,619 

Coal  data  from  Naval  Liquid  Fuel  Board  report,  p.  10. 

13  Assuming  the  complete  combustion  of  the  heat  values  in  the 
two  fuels  as  analyzed  and  knowing  that  1  lb.  of  C  requires  11.6  lb. 
air,  1  lb.  of  H  requires  34.8  lb.  air,  and  1  lb.  of  S  requires  4.3  lb.  air, 
we  have  as  the  volume  of  air  chemically  required  for  the  combustion 
of  the  coal  and  the  oil  the  results  shown  in  Table  2. 

14  For  our  comparison  we  will  make  the  following  assumptions: 
a  Flue  gas  temperature  b  the  same  in  both  cases,  vis.,  500 

deg. 
6  Moisture  in  the  two  fuels  is  the  same. 
c  Air  intake  temperature  (temperature  of  fireroom),  70  deg. 
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The  flue  temperature  as  placed  at  500  deg.  is  probably  the  mean 
which  obtains  in  practice;  lower  results  have  been  obtained,  but 
numerical  value  makes  little  difference  in  our  comparison. 

15  Moisture  as  shown  in  the  selected  coal  is  low  and  that  in  the 
selected  oil  is  also  low.  In  most  oils  it  is  more  nearly  an  average  of 
0.5  per  cent  and  for  this  reason  we  will  consider  that  the  moisture  con- 
tent is  the  same  in  each  case. 


TABLE  a    VOLUME  OF  CHEMICALLY  REQUIRED  AIR  FOR  COMBUSTION 

OF  COAL  AND  OIL 


WnOBT  09  AlB 
RBQXTXmBD 


QuiMm 

Coftl.  11.6  lb.  atrX  0.8226  lb.  C 

on.    11.6  lb.  »lrX  0.8764  lb.  C 

HydroBn 

Coal.  S4.8  lb.  air  X  0.0389  lb.  H 

Oil.    M.8  lb.  air  X  0.104  lb.  H 

Sidiihar 

Goal.  4.8  lb.  air  X  0.0049  lb.  S. 

00.    4.8  lb.  atr  X  0.010  lb.  8 

U).o(Hr  raquirad 

Wtliht  of  the  combustibles  Carter  deducting  ash  from  coal). 

Total  weight  which  will  bo  considered  as  dry  chimney  wblb.  . 


Coal 


9.64 


1.35 


Oil 


10.16 


8.62 


0.02 

•  •  •  • 

•  •  •  • 

0.04 

10  91 

18.82 

0.91 

1.00 

11.82 

14.82 

16  The  sensible  heat  carried  away  in  the  flue  gases  in  the  case  of 
the  coal  is 

0.24   (500-70)  X  11.82  =  1219.8  B.t.u. 

In  the  oil 

0.24   (600-70)  X  14.82  =  1529.4   B.t.u. 

0.24  bemg  the  specific  heat  of  the  chimney  gases. 

17  In  the  combustion  of  hydrogen  to  water  each  pound  of  H 
results  in  9  lb.  of  water,  or  in  our  coal  the  water  formed  will  be 

0.038  X9  =  0.341b. 

18  The  heat  loss  both  latent  and  sensible  in  the  evaporation  of 
this  water  is 

0.34  (142  +  966  +  288  X  0.47)  =  422.6  B.t.u. 
wherein  212  deg.  —  70  deg.  =  142,  assuming  the  temperature  of  the 
water  in  the  coal  to  be  that  of  the  fireroom;  966  being  the  latent 
heat  of  the  formation  of  steam  at  212  deg.  and  of  expansion  against 
the  atmosphere;  600  deg.  —  212  deg.  =  288  being  difference  be- 
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tween  steam  at  212  deg.  and  flue  temperature  as  assumed;  and  0.47 
being  the  specific  heat  of  superheated  steam  at  atmospheric  pressure.^ 
19    In  case  of  oil  we  have 

0.104  X  9  =  0.936  lb. 
Heat  loss  is 

0.936  (62+  966  +  288  X  0.47)  =  1088.5  B.t.u. 

The  loss  in  coal  due  to  ash  is  8.6  per  cent  of  total  =  1209.7  B.t.u. 
A  further  loss  in  oil  combustion  is  the  heat  absorbed  by  the  steam 
used  in  atomizing,  being  in  superheating  the  steam  from  212  deg. 
to  500  deg.  fahr.    This  is 

288  X  0.47  =  135  B.t.u. 
Tabulating  these  losses,  which  for  convenience  we  will  call  fixed  losses, 
we  have: 

omJ  on 

Gases 1219.8  B.t.u.  1529.4  B.t.u. 

Combustion  of  H 422.6  B.t.u.  1088.6  B.t.u. 

Ash 1209.7  B.t.u.  Burner  135.0  B.t.u. 


2852.1  B.t.u.  2752.9  B.t.u. 

While  this  calculation  is  not  intended  to  convey  any  idea  of  the  actual 
value  of  losses  in  the  two  fuels,  it  may  however  afford  a  comparison 
of  what  we  may  term  fixed  losses,  within  certain  limits. 

20  It  is  seen  that  the  amount  of  air  required  for  the  combustion 
of  coal  is  very  much  less  than  for  oil.  This  is  due  principally  to  the 
very  much  greater  hydrogen  content  in  the  oil,  the  carbon  content 
being,  roughly  speaking,  the  same.  Furthermore  the  combustion 
of  the  hydrogen  requires  a  proportionately  larger  weight  of  air. 

21  On  the  other  hand  the  greatest  loss  in  the  coal  is  in  the  ash,  as 
in  the  comparison  of  the  fuels  we  must  consider  them  as  received.  In 
the  oil  the  loss  due  to  non-combustible  is  practically  negligible.  The 
loss  due  to  superheating  the  burner  steam  is  also  small. 

22  In  examining  our  figures  a  remarkable  equality  of  the  total 
losses  is  immediately  apparent.  To  what  extent  this  relation  would 
hold  for  coals  of  different  composition  would  have  to  be  determined. 
Subtracting  these  losses  from  the  calorific  value  of  each  fuel  we  have: 

18,619  -  2752.9  =  15,866.1  B.t.u. 

14,067  -  2852.1  =  11,214.9  B.t.u. 

These  last  quantities  represent  the  available  heat  left  in  fuel  for  evap- 

^  R.  C.  H.  Heck.  Thermal  Properties  of  Superheated  Steam,  Trans.  Am. 
Soc.  M.  E.,  vol.  30,  p.  227. 
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oration.  From  this  it  would  appear  that  the  two  fuels  under  exami- 
nation bad  an  evaporative  value  which  is  in  the  ratio  of  11.2  for  coal 
to  15.8  for  oil.  For  coals  equal  in  quality  to  that  selected,  the  writer 
believes  that  this  ratio  will  generally  be  correct,  lower  grade  coals 
having  correspondingly  lower  values.  This  ratio  is  also  amply  borne 
out  in  numerous  actual  tests. 

23  It  is  shown  in  the  foregoing  that  the  theoretically  required 
ur  supply  is  greater  for  oil  than  for  coal.  This  means  a  greater 
Tolume  of  flue  gases,  hence  a  greater  loss  of  heat.  If  we  consider, 
however,  those  coals  having  a  large  amount  of  volatile  matter,  it 
is  safe  to  say  that  the  air  supply  for  their  complete  combustion  would 
be  very  much  in  excess  of  that  for  oil.  Not  knowing  the  composi- 
tion of  the  volatile  matter,  we  must  necessarily  figure  with  a  certain 
indefinite  quantity  of  excess  air.  In  the  combustion  of  oil  we  are 
able  to  supply  more  nearly  that  amount  of  air  which  is  actually 
chemically  required. 

24  From  the  manner  in  which  the  oil  is  burned  it  is  evident  that 
a  more  perfect  mixture  of  air  with  the  gases  is  obtained.  Not  only 
is  the  au*  supply  easily  regulated  by  hand,  but  apparatus  has  been 
devised  to  effect  the  control  mechanically  and  automatically  to  suit 
the  momentary  load  requirements.  Although  it  does  not  necessarily 
follow  that  a  smokeless  chimney  signifies  complete  or  most  economical 
combustion,  it  does  mean  much  to  our  neighbors  and  one  can  safely 
say  that  such  a  chimney  is  more  often  obtained  in  connection  with  an 
oil-burmng  fiunace  than  with  one  burning  coal. 

25  Evaporative  tests  have  shown  that  for  good  coal  an  equivalent 
evaporation  of  11  lb.  represents  about  the  highest  average,  although 
there  are  cases  of  higher  results  on  record.  For  oil  the  highest  aver- 
age yet  attained  is  probably  an  equivalent  evaporation  of  16  lb. 

26  In  the  report  of  the  Naval  Liquid  Fuel  Board  the  best  evapora- 
tion with  coal  is  given  as  10.2  lb.,  while  with  oil  the  best  is  14.4  lb. 
In  some  forcing  tests  made  some  time  ago  by  F.  W.  Dean,^  which  are 
remarkable  for  the  good  results  obtained  at  that  time,  an  evaporation 
for  coal  of  11.32  lb.  was  had.  In  a  water-tube  boiler  under  ordinary 
conditions,  using  good  coal,  an  average  equivalent  evaporation  of  10 
lb.  can  be  considered  good  practice,  although  11  lb.  and  slightly  over 
is  often  obtained.     Such  results  as  these,  it  must  be  borne  in  mind, 


^F.  W.  Dean.     The  Forcing  Capacity  of  Fire  Tube  Boilers,  Trans.  Am. 
Soc.  M.  E.,  vol.  26,  p.  92. 
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can  be  obtained  only  with  the  best  grades  of  steam  coal,  similar  or 
superior  to  the  grade  selected  by  the  writer  for  comparison. 

27  With  oil  fuel,  in  connection  with  water-tube  boilers,  records 
show  an  equivalent  evaporation  of  14  to  16  lb.  Test  records  in  the 
writer's  possession  range  from  13.6  to  15.4  lb.  The  latter  is  the  record 
of  the  performance  of  a  150-h.p.  Heine  bofler  in  San  Francisco.  The 
oil  used  had  a  calorific  value  of  18,629  B.t.u.,  gage  pressure  119  lb., 
feed  temperature  69  deg.,  flue  gas  temperature  480  deg.,  percentage 
of  steam  used  for  burner  2.8  of  total  water  evaporated  or  0.36 
lb.  of  steam  per  lb.  of  oil;  15.4  is  the  value  after  correction  for  steam 
to  burner.  Incidentally  the  efficiency  of  the  unit  is  79.8  per  cent. 
The  figures  given  in  the  foregoing  for  oil  can  hardly  be  said  to  be  due 
to  any  extraordinary  construction  or  arrangement  of  furnace  although 
care  may  have  been  shown  in  the  selection  of  the  burner. 

28  In  a  series  of  eight  tests  made  with  two  66  in.  by  16  ft.  hori- 
zontal return  tubular  boilers,  having  one  hundred  and  seventy-six 
2-in.  tubes  each,  and  using  C!oalinga  oil  of  22  gravity,  18,900  B.t.u. 
per  lb.  of  oil,  the  average  evaporation  of  water  from  and  at  212  deg. 
was  15.32  lb.  The  average  total  horsepower  developed  at  rate  of 
34.5  lb.  of  water  per  hour  was  262.5  for  the  battery.  The  theoreti- 
cal evaporation  of  the  Coalinga  22  gravity  oil,  18,900  B.t.u.  per 
lb.,  being  19.56  lb.  of  water  per  lb.  of  oil  and  the  actual  results 
having  been  an  average  evaporation  of  15.32  lb.,  the  fuel  efficiency 
for  this  particular  battery  was  78.5  per  cent. 

29  It  is  the  writer's  opinion  that  with  a  few  more  years'  experience 
and  a  more  refined  and  perfected  fireroom  and  furnace  arrangement, 
we  will  be  able  to  reach  evaporations  closely  approximating  the 
theoretical  limits.  The  ease  of  manipulation  of  the  fire  and  the 
possibility  of  practically  exact  regulation  of  air  supply  for  complete 
combustion,  lend  to  the  fuel  oil  evaporative  qualities  that  can  be 
found  in  no  other  raw  fuels. 

THE  RELATIVE  VALUE  OP^  LIGHT  OIL  AS  (^OMPAKED 

WITH  FUEL  OIL 

By  Joseph  Nisbet  LeConte,  Berkeley,  Cal. 
Member  of  the  Society 

30  Crude  petroleum  consists  principally  of  various  combinations 
of  hydrogen  and  carbon  together  with  comparatively  small  amounts 
of  nitrogen,  oxygen  and  sulphur.    The  nitrogen  and  oxygen  and  any 
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incombustible  residue  or  ash  may  be  classed  as  inert  impurities.  The 
sulphur,  though  combustible,  has  a  low  grade  of  heating  value  and  is 
otherwise  injurious. 

31  Taking  hydrogen  and  carbon  as  the  principal  constituents,  it 
is  found  that  those  oils  which  are  rich  in  the  former  element  are  of 
light  specific  gravity  as  compared  with  those  rich  in  carbon.  The 
range  in  specific  gravity  of  California  oils  may  be  taken  as  from  unity 
to  0.S4,  or  from  10  deg.  to  36  deg.  of  the  Baum^  scale.  The  majority 
of  the  fuel  oib  will  range  from  unity  to  0.9,  or  from  10  deg.  to  23  deg. 
Bauin^.  It  is  also  evident  that,  other  things  being  equal,  oils  rich 
in  hydrogen  will  contain  more  heat  units  per  pound  than  those  rich 
in  carbon.  Pure  hydrogen  contains  62,000  B.t.u.  per  lb.,  as  compared 
with  14,500  B.t.u.  per  lb.  for  carbon.  If  petroleum  were  composed 
wholly  of  these  two  elements,  a  very  consistent  law  might  be  expressed 
between  the  heat  imits  per  pound,  and  the  specific  gravity.  As  a 
matter  of  fact  the  other  substances  occurring  in  varying  amounts 
destroy  any  exact  relation. 

32  Water  in  emulsion  in  crude  oil  not  only  acts  as  an  inert  impu- 
rity in  a  sample  under  test,  but  must  be  converted  into  steam  in  the 
furnace  and  thus  still  further  reduces  the  heat  value  of  the  fuel  per 
pound.  It  occurs  in  such  variable  and  often  in  such  large  amounts, 
that  no  relation  whatever  between  specific  gravity  and  B.t.u.  per 
pound  can  be  discerned  unless  it  is  eliminated.  In  the  following 
tables  and  diagrams,  therefore,  the  oil  is  assumed  to  be  anhydrous, 
the  water  having  either  been  removed  before  testing,  or  else  its  amount 
determined  and  corrections  made. 

33  Nitrogen  and  oxygen  are  also  inert  impurities,  but  since 
their  amounts  are  small,  their  effects  are  averaged  in  with  the  plotted 
results.  Sulphur  is  a  substance  which  causes  considerable  varia- 
tion in  the  heating  value  of  fuel  oil.  Sulphur  contains  3900  B.t.u. 
per  lb.  Oils  rich  in  sulphur,  therefore,  have  a  lower  heating  value 
per  pound,  other  things  being  equal. 

34  Many  determinations  of  heating  values  and  specific  gravities  of 
California  oils  have  been  made,  but  those  upon  which  Table  3  is  based 
were  made  in  the  chemical  laboratories  of  the  University  of  Califor- 
lua  and  furnished  through  the  kindness  of  Prof.  Edmund  O'Neill 
and  his  assistants.  The  calorific  values  were  determined  by  means  of 
Ml  Atwater  bomb  calorimeter,  and  the  specific  gravity  by  means  of 
a  Westphal  balance  or  a  pycnometer  flask  at  about  63  deg.  fahr. 
W^ater  was  determined  by  distillation. 

35  The  resulting  values  for  the  heavier  fuel  oils  the  waiter  has 


collected  and  plotted,  as  shown  in  Fig.  1.  The  ordinatea  in  this  caae 
aro  degrees  of  the  BaumS  scale,  which  is  related  to  the  true  spedfio 
gravity  by  the  relation 
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at  63  deg.  fahr.  The  abscbsae  are  British  thermal  units  per  pound 
of  the  anhydrous  oil.  The  points,  as  might  be  expected,  are  rather 
scattered,  but  can  be  approximated  roughly  by  a  strugbt  line.  Id 
drawing  the  average  line  through  these  points  the  writer  has  been 
guided  for  its  position  wholly  by  the  points  themselves,  and  for  ita 
inclination,  by  the  points  and  by  a  table  of  average  specific  gravities 
and  calorific  values  furnished  by  R.  W.  Fenn  of  the  Union  CHI  Com- 
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pany,  oovering  a  wider  range  of  specific  gravities  than  do  the  deter- 
minations gathered  by  the  writer.  The  average  line  gives  the  rela- 
tion 

B.t.u.  per  lb:  =  17,680  +  605 
over  the  range  of  these  measurements. 

TABLE  3    SPRCIFIC  ORAVrFT.  WEIGHT  AND  HEAT  VALUE  OF  OIL 

(umox  on.  ookpaxt) 


Die 

SpMlfio 

W«lght 

B.t.u. 

B.t.u. 

Dei. 

BmudA 

OmTttj 
1.0000 

per  Bbl. 

p«r  Lb. 

per  Bbl. 
0,308,600 

Bauml 

10 

360.036 

18,380 

11 

o.ttst 

347.66 

18,340 

0,374,100 

IS 

o.otst 

846.10 

18,400 

0,340,800 

IS 

O.tTtO 

343.08 

18,400 

0,326,900 

u 

O.tTSS 

840.30 

18,680 

0,303,400 

If 

0.0666 

337.00 

18,680 

6,379,300 

It 

0.0660 

336.06 

18,040 

6466,600 

17 

0.0634 

338.37 

18,700 

0434,000 

"  ■ 

IS 

0.0460 

331.10 

18,760 

6411.400 

It 

O.OSOO 

338.80 

18,830 

6,180.700 

SO 

0.9086 

330.00 

18380 

6,167.900 

SO 

SI 

O.0S73 

334.66 

18.040 

6,147,000 

31 

ss 

O.OSll 

333.43 

10,000 

6,136.000 

38 

ss 

0.0160 

330.38 

10.060 

6,104,600 

33 

u 

0.0001 

318.33 

10,130 

6,084.400 

34 

S5 

0.0033 

316.16 

19.180 

6.063.800 

26 

36  Table  3  gives  the  computed  vajues  of  B.t.u.  per  pound,  and 
specific  gravity,  as  well  as  the  weight  per  barrel,  and  B.t.u.  per  barrel, 
as  determined  from  this  average  line.  From  these  it  is  seen  that 
although  the  average  heating  value  per  pound  of  crude  oil  increases 
as  the  specific  gravity  diminishes,  it  does  not  increase  so  rapidly  as 
the  weight  per  unit  of  volume  diminishes.  The  heating  value  per 
barrel  of  the  heavier  oils  is  therefore  greater  than  that  of  the  light 
ones. 


FURNACE  ARRANGEMENT  FOR  FUEL  OIL 

Bt  C.  R.  Weymouth,  San  Francisco,  Cal. 
Member  of  the  Society 

37    In  a  paper^  presented  at  the  New  York  meeting  of  this  Society, 
December  1908,  the  writer  gave  various  data  regarding  California 
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fuel  oil,  air  required  for  combustion,  the  various  losses  in  oil  firing,  and 
a  description  of  an  automatic  system  for  the  regulation  of  boilers 
fired  with  crude  oil.  Although  the  present  subject  properly  includes 
the  question  of  air  supply  for  combustion,  the  writer,  by  reason  of 
his  former  paper,  will  devote  himself  mainly  to  the  question  of  fur- 
nace design,  and  this  only  for  stationary  water-tube  boilers. 

38  About  twelve  years  ago  the  low  cost  and  certainty  of  supply 
of  crude  oil  led  to  its  general  use  in  California  boiler  plants.  At  that 
time  with  a  few  notable  exceptions,  there  were  none  but  the  crudest 
methods  for  biuning  oil,  the  owner  usually  employing  one  of  the 
numerous  improvisors  of  oil  burners  to  convert  his  plant,  the  opera- 
tion generally  consisting  in  introducing  a  burner  through  the  fire  doors, 
and  covering  the  grates  with  fire  brick.  This  plan  was  occasionally 
modified  by  the  introduction  of  different  forms  of  fire-brick  arches, 
target  walls,  checker  walls,  etc.  Many  of  these  converted  coal- 
burning  furnaces  caused  frequent  burning  out  of  boiler  tubes,  due  to 
the  localization  of  heat;  gave  a  very  limited  overload  capacity;  and 
by  reason  of  various  defects  of  furnace  design,  coupled  with  a  general 
ignorance  of  the  question  of  oil  burning,  produced  in  most  instances 
mediocre  results. 

39  During  this  early  period,  E.  H.  Peabody,  then  testing  engineer 
of  the  Babcock  &  Wilcox  Company,  began  the  first  extensive  engineer- 
ing investigation  of  the  merits  of  various  types  of  furnaces,  burners, 
etc.,  and  after  an  extensive  series  of  tests,  lasting  nearly  two  years, 
developed  an  oil  furnace  bearing  his  name,  now  in  general  use  with 
certain  types  of  water-tube  boilers. 

40  Mr.  Peabody 's  tests  indicated  the  following   conclusions: 

a  That  while  there  are  differences  in  various  types  of  burners 
these  are  relatively  unimportant. 

h  The  proper  design  of  furnace  is  of  supreme  importance 
as  determining  efficiency  and  capacity  of  boilers  and 
immunity  from  shutdown,  owing  to  tube  burn-outs,  etc. 

c  Fire-brick  arches  and  target  walls  are  not  only  needless  in 
securing  high  furnace  efficiency,  but  a  menace  to  continu- 
ity of  operation,  owing  to  the  impossibility  of  even  the 
best  grades  of  fire  brick  withstanding  the  intense  heat  of 
an  oil  furnace. 

d  Furnace  depth  and  furnace  volume  are  determining  factors 
affecting  furnace  efficiency  and  capacity,  and  affording 
protection   to  the  boiler   heating  surface,   particularly 
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when  the  character  of  boiler  feed  water  gives  rise  to  an 
accumulation  of  scale  inside  boiler  tubes. 

e  The  shape  of  furnace  and  path  of  flame  must  be  such  as  to 
provide  a  nearly  uniform  distribution  of  furnace  heat 
over  the  largest  possible  portion  of  boiler  heating  surface, 
as  distinguished  from  an  arrangement  causing  the  direct 
impingement  of  flame  on  a  few  inches  of  the  tube  length, 

/  A  large  surface  of  heated  fire  brick  is  essential  to  the  main- 
tenance of  a  high  furnace  temperature  and  complete  com- 
bustion of  oil. 

g  The  air  for  combustion  should  be  admitted  through  care- 
fully planned  openings  in  the  floor  of  furnace  in  such 
manner  as  to  provide  the  most  intimate  contact  of  oil 
flame  and  incoming  air,  and  thus  reduce  the  air  supply 
to  a  minimum. 

h  The  flat  flame  or  fishtail  burner  provides  for  the  most  eco- 
nomical use  of  air  for  combustion. 

i  When  all  these  requirements  for  highest  economy  are 
observed,  the  furnace  flame  has  not  the  bright  incandes- 
cence sought  by  the  pioneers  in  oil  burning,  but  borders 
surprisingly  on  an  orange  red. 

41  In  the  Peabody  furnace  the  bridge  wall  is  set  back  from  the 
boiler  front  to  give  a  depth  of  from  8  to  10  ft.,  depending  on  the  size 
of  boilers.  The  burner  is  of  the  back  shot  type,  inserted  from  the 
boilerfront  under  the  floorof  the  furnace  and  turning  up  at  the  bridge 
wall.  It  shoots  the  flame  forward  toward  the  front  of  the  boiler, 
where  there  should  be  an  extra  course  of  fire  brick  set  in  place  with- 
out fire  clay,  to  afford  added  protection  to  the  front  wall.  With 
boilers  having  tubes  inclined  downwards  from  the  front  towards  the 
rear,  there  is  thus  provided  a  furnace  design  of  such  a  shape  as  to  give 
the  necessary  increased  volume  as  the  velocity  of  the  flame  decreases 
in  flowing  away  from  the  burner.  This  provides  a  gradual  distribu- 
tion of  the  furnace  heat  over  the  tubes  the  full  length  of  furnace, 
without  a  direct  impingement  of  flame  at  any  point. 

42  Except  in  special  boilers,  the  furnace  should  have  a  height  at 
its  front  end  of  not  less  than  6  ft.  and  for  large  size  boilers  the  height 
should  be  from  7  to  9  ft.,  depending  on  the  character  of  feedwater 
wad  desired  overload. 
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43  Under  ordinary  firing,  the  flame  should  not  extend  into  the 
tubes,  but  under  forced  firing  it  will  extend  part  way  through  the 
first  pass.  ^.^  :.<|| 

44  Under  Babcock][&  Wilcox  boilers,  Mr.  Peabody's  record  per- 
formance of  1903  was  83  per  cent  efficiency  at  rating,  based  on  10 
sq.  ft.  of  heating  surface  per  boiler  horsepower,  and  an  overload 
capacity  of  110  per  cent  above  rating. 

45  When  admitting  a  large  excess  of  air  and  an  ordinary  amount 
of  oil,  the  flame  length  will  be  a  minimum,  and  the  temperature  of 
incandescence  \inll  be  reached  at  the  surface  of  the  envelope  separat- 
ing the  vaporized  oil  and  air  for  combustion.  This  bright  flame  is 
sought  by  the  untrained  fireman,  but  it  results  in  a  large  loss  of  fuel, 
as  the  subsequent  mixture  of  the  products  of  combustion  with  the 
excess  of  air  not  in  contact  with  the  flame  produces  a  lower  mean 
furnace  temperature.  With  economical  firing  the  flame  lengthens 
before  coming  in  contact  with  sufficient  air  for  complete  combustion, 
and  with  the  highest  furnace  efficiency  this  temperature  varies  from 
2500  to  2800  deg.  fahr. 

46  The  location  of  the  furnace  relative  to  the  boiler  heat  absorb- 
ing surface  is  of  the  utmost  importance,  not  only  on  account  of  the 
loss  of  heat  and  consequent  radiation  from  furnace  walls  when  there 
is  excessive  travel,  but  also  by  reason  of  the  large  amount  of  heat 
absorbed  by  direct  radiation  as  distinguished  from  convection.  The 
first  pass  of  the  boiler  should  be  located  directly  over  the  furnace, 
providing  the  most  direct  transmission  of  the  heat  generated,  both 
by  convection  and  absorption  of  radiant  heat. 

47  Owing  to  the  large  area  of  incandescent  fire-brick  surface, 
the  radiant  heat  is  uniformly  diffused  over  a  large  heating  surface  and 
the  amount  of  heat  thus  absorbed  becomes  an  important  factor  in 
determining  the  efficiency  of  boiler  heating  surface;  for  while  no  heat 
can  ultimately  be  lost,  the  greater  the  heat  absorbed  in  the  first  pass 
of  boiler,  the  lower  will  be  the  temperature  of  gases  on  entering 
the  second  pass;  and  finally  the  later  passes  of  the  boiler  are  able  to 
accomplish  greater  cooling  of  the  products  of  combustion,  resulting 
in  the  lowest  possible  stack  temperature  and  hence  the  maximum 
absorption  efficiency  of  boiler. 
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ATOMIZATION  OF  OIL 

By  a.  M.  Hunt,  San  Francibco,  Cal. 
Member  of  the  Society 

48  In  order  that  petroleum  may  be  burned  with  complete  com- 
bustion, it  is  necessary  that  it  be  either  gasified  or  injected  in  the 
form  of  a  spray  into  the  furnace  in  which  it  is  burned.  If  the 
oil  is  being  injected  into  a  coal  fumacCi  that  is,  one  not  enclosed  by 
wsik  of  brick  or  other  material  which  becomes  highly  heated,  the 
oil  must  be  injected  in  a  spray  composed  of  very  fine  particles,  in 
order  that  none  of  the  particles  shall  fall  to  the  bottom  unconsimied. 
If  the  walls  are  highly  heated,  the  radiation  from  them  will  aid 
greatly  in  vaporizing  the  oil  particles,  and  larger  particles  will  be 
consumed  before  they  drop.  If  the  furnace  is  short,  the  oil  particles 
will  have  a  relatively  short  time  period  within  which  they  must  be 
consumed,  and  must,  therefore,  be  smaller. 

49  It  is  evident  that  anything  which  will  enable  the  oil  more 
easily  to  be  atomized,  or  that  will  aid  in  vaporizing  an  oil  particle 
after  it  is  injected  into  the  furnace,  will  help  to  reduce  the  quantity 
of  atomizing  medium  required,  whether  it  be  steam  or  air. 

50  Most  of  the  oils  used  for  fuel  are  of  a  heavy  and  viscous  char- 
acter, and  their  viscosity  is  rapidly  reduced  by  rise  in  temperature. 
It  is,  therefore,  desirable  that  the  oil  fed  to  the  burners  be  preheated, 
and  it  is  almost  universal  practice  to  do  so.  The  preheating  is  usually 
accomplished  by  passing  the  oil  through  a  heater  similar  in  type  to  a 
closed  feed-water  heater,  using  the  exhaust  steam  from  the  pumps 
handling  the  oil.  The  burner  should  be  so  built  that  the  relative 
Areas  of  openings  for  issue  of  oil  and  atomizing  medium  can  be  main- 
tained, or  if  they  become  enlarged  by  scoring,  that  adjustment  can 
be  readily  and  inexpensively  made. 

51  Some  work  has  been  done  in  the  direction  of  atomizing  the 
oil  without  the  use  of  air  or  steam.  The  oil  having  been  preheated  to 
temperatures  of  from  220  to  260  deg.  fahr.,  is  injected  into  the  fur- 
iiace  through  a  needle  nozzle,  having  a  small  sized  orifice.  The 
portion  of  the  needle  stem  inside  the  cylindrical  part  of  the  nozzle 
has  cut  on  it  a  screw  thread,  which  imparts  to  the  issuing  oil  a  rotary 
motion.  The  release  of  pressure  on  the  heated  oil,  and  the  rotary 
motion  imparted  to  it,  cause  it  to  issue  in  the  form  of  a  spray  in  a 
state  of  subdivision  fine  enough  to  enable  it  to  bum  successfully. 

52  I  give  below  some  data  as  to  amounts  of  atomizing  medium 
required  for  fuel  oil,  obtained  from  various  sources: 
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DATA   AS   TO  AMOUNT  OF  STEAM  REQUIRED  FOR  ATOMIZING    FUEL  OIL 

IN   BOILER  FURNACES 

Casb  1 

Steam  supplied  to  burner  per  lb.  of  oil ; 0.537 

Actual  evaporation  per  lb.  of  oil 13.48 

Percentage 4.0 

Casb  2 

Steam  supplied  to  burners  per  hour 4373.0 

Actual  evaporation  per  hour 96881 .0 

Percentage 4.5 

Steam  per  lb.  of  oil  for  atomization 0.520 

Case  3 

Steam  supplied  to  burners  per  hour 7087.0 

Actual  evaporation  per  hour 174820.0 

Percentage 4.0 

Steam  per  lb.  of  oil  for  atomization    0.485 

Case  4 

Steam  supplied  to  burners  per  hour 5746.0 

Actual  evaporation  per  hour 144079.0 

Percentage 4.0 

Steam  per  lb.  of  oil  for  atomization 0.475 

Case  5 

Steam  used  was  measured  by  use  of  separate  boiler. 

Oil  used 34J  deg.  Baum4 

Total  evaporation  per  lb.  of  oil  from  and  at  212  deg 14.99 

Percentage  steam  evaporated,  used  by  burner 7.4 

Case  6 

Steam  used  was  measured  by  calibrated  nozzle. 

Total  evaporation  per  lb.  of  oil  from  and  at  212  deg 14.7 

Percentage  steam  evaporated,  used  by  burner 2.5 

Case  7 

Steam  used  was  measured  by  calibrated  nozzle. 

Total  evaporation  per  lb.  of  oil  from  and  at  212  deg 14.2 

Percentage  steam  evaporated,  used  by  burner 3.6 

Case  8 

Steam  used  was  measured  by  use  of  separate  boiler. 

Total  evaporation  per  lb.  of  oil  from  and  at  212  deg 15.2 

Percentage  steam  evaporated,  used  by  burner 2.96 

53  From  tests  made  under  the  direction  of  the  Bureau  of  Steam 
Ekigineering  in  1902,  the  following  data  are  taken :  Four  tests  were 
made  using  steam  as  the  atomizing  medium.    The  percentage  of 
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total  evaporation  used  by  the  burners  ranged  from  3.98  to  5.77  per 
cent.  A  number  of  tests  made  under  Stirling  water-tube  boilers 
gave  results  ranging  from  2.1  to  3.42  per  cent. 

54  From  the  above  data  and  general  practice  and  experience,  the 
following  statement  can  be  made:  In  designing  a  plant  it  is  entirely 
safe  to  assume  5  per  cent  of  the  evaporation  of  the  boilers  for  steam 
supply  for  burners.  In  operation,  if  the  amount  is  greater  than  3 
per  cent,  it  may  be  concluded  that  the  condition  can  be  bettered. 

55  The  use  of  compressed  air  for  atomizing  fuel  oil  may  be  stated 
to  offer  no  opportimity  for  fuel  saving  over  the  use  of  steam  direct 
in  cases  where  steam  is  available.  The  direct  use  of  steam  obviates 
complication,  and  risk  of  interrupted  service,  and  the  use  of  com- 
pressed air  is  not  justified  imless  there  is  some  special  reason  for  it.  It 
may  be  that  steam  cannot  readily  be  had,  and  that  a  motor-driven 
compressor  can  easily  be  installed,  or  where  steam  is  available,  the 
loss  of  water  through  steam  supplied  to  the  burners  may  be  undesira- 
ble, as  in  the  case  of  sea-going  steamers. 

56  In  certain  metallurgical  and  industrial  operations,  especially 
where  high  temperatures  are  desirable,  the  use  of  air  is  to  be  preferred. 
In  rotary  cement  kilns,  using  oil  fuel,  compressed  air  as  the  atomizing 
agent  is  imiversally  employed  so  far  as  I  know.  Reverberatory 
furnaces  for  metallurgical  operations,  using  oil  fuel,  employ  com- 
pressed air. 


DATA  AS   TO    AMOUNT   OP   AIR   REQUIRED    FOR   ATOMIZING    FUEL    OIL 

Case  1 

Rotary  cement  kiln,  7  ft.  6  in.  in  diameter  by  125  ft.  in  length,  producing  about 
500  bbl.  of  clinker  daily.  Air  used  under  pressure  of  approximately  80  lb. 
Single  burner,  delivering  oil  at  the  rate  of  about  4  gal.  per  min.  The 
'height  of  air  required  for  atomization  is  approximately  25  per  cent  of  the  weight 
of  the  oil  atomized. 

Case  2 

I^ata  furnished  by  air  compressor  manufacturer  as  to  capacity  of  compressor 
furnished  for  boiler  installation  of  2500  h.p.  Assuming  that  the  entire  capac- 
ity of  the  compressor  was  necessary,  this  figures  out  a  use  of  air  amounting  to 
approximately  55  per  cent  of  the  weight  of  fuel  atomized. 

The  same  manufacturer  gives  the  following  data :  For  marine  boilers  figure 
1  cu.  ft.  of  free  air  for  each  5  boiler  h.p.,  the  air  being  supplied  at  a  pres- 
sure of  about  25  lb. 

A  10-cu.  ft.  compressor  at  20  lb.  will  supply  air  sufficient  to  atomize  the  fuel 
oil  to  take  care  of  a  boiler  furnishing  steam  heat  for  a  small  apartment  house. 


40  FUEL  OIL 

For  burning  sewer  pipe  it  takes  about  5  ou.  ft.  per  min.  for  each  burner  using 
about  5  gal.  per  hr.  of  oil. 

He  adds  the  following  oomment :  We  favor  the  use  of  air  as  hot  as  we  can  get 
it  from  the  compressor,  cutting  out  the  water  jackets. 

Cass  3 

Reverberatory  copper  matting  furnace.  Hearth  80  ft.  long  by  17  ft.  wide. 
Center  of  roof  arch  is  about  39  in.  above  the  surface  of  bath  on  hearth.  Fired 
from  the  end  using  four  burners.  Amount  of  material  smelted  per  day,  182 
tons.  Oil  used  per  day,  36,472  lb.  Air  for  atomizing  supplied  by  a  motor- 
driven  Gonnersville  blower  at  9  lb.  pressure.  Amount  of  air  used,  about  50 
per  cent  of  weight  of  oil  burned. 


SIZE  OF  STACKS  WITH  FUEL  OIL 

By  K.  G.  Dunn,  San  Fbancisoo,  Cal. 
Member  of  thie  Society 

57  The  question  of  stack  area  and  draft  depends  on  the  quantity 
of  fuel  burned  and  the  draft  required.  In  coal  bumingi  the  draft 
necessary  to  overcome  the  friction  of  the  fuel  bed  runs  anywhere  from 
35  to  70  per  cent  of  the  total  draft  head.  This  is  done  away  with 
in  oil-burning  furnaces  and  consequently  a  shorter  stack  will  answer. 
A  height  of  stack  of  from  80  to  100  ft.  is  all  that  is  necessary.  In 
coal-burning  plants  stack  sizes  are  based  on  5  lb.  of  fuel  per  boiler  h.p. 
In  changing  to  oil  we  have  to  figure  on  the  basis  of  only  2^  lb.  per 
boiler  h.p.,  and  considering  that  oil  can  be  burned  with  a  smaller 
amount  of  excess  air  than  coal,  a  stack  of  given  area  would  serve 
for  double  the  horsepower  with  fuel  oil  than  it  would  with  coal. 

58  There  are  many  stacks  operating  successfully  on  the  basis  of 
50  per  cent  of  the  sizes  given  in  Kent's  table.  I  have  in  mind  a 
record  of  one  stack  which,  when  forced  to  the  limit,  operated  on  the 
basis  of  35.7  per  cent.  When  this  point  is  reached  the  pressure  in 
the  furnace  is  so  great  that  the  gases  pass  out  through  the  joints 
in  the  setting  and  through  the  boiler  breeching.  One  point  in  con- 
nection with  this,  which  I  believe  is  not  given  the  attention  that 
it  should  have,  is  that  of  breeching  area.  Ordinarily  the  effective  area 
of  the  breeching  is  not  considered,  as  in  many  plants  the  breechings 
are  narrow  and  long,  and  in  several  instances  that  I  know  of,  the 
effective  areas  are  in  the  neighborhood  of  70  to  80  per  cent  of  what 
they  really  should  be. 
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LOCOMOTIVE  PRACTICE  IN  THE  USE  OF  FUEL  OILS 
Bt  Howabd  Stilus  an,  San  Francisco,  Gal. 
Member  of  the  Society 

59  About  the  first  practical  use  to  which  fuel  oil  was  applied  as  a 
means  of  generating  steam  in  California  was  on  a  locomotive  engine 
of  the  Central  Pacific  Railroad,  in  1886,  the  tests  being  made 
between  Sacramento  and  Davisville.  The  oil  was  comparatively 
thin  and  of  a  reddish  color,  quite  different  from  the  heavy  asphalt 
oil  DOW  in  use.  Its  origin  I  am  unable  to  locate  at  this  time.  The 
experiments  were  quite  satisfactory  and  demonstrated  that  a  working 
steam  pressure  could  be  maintained  in  a  locomotive  boiler  in  freight 
service  with  oil  fuel.  The  cost  of  this  oil  was  high  and  the  matter 
was  dropped.  This  was  previous  to  the  development  of  petroleum 
products  in  California. 

60  Following  the  subsequent  oil  developments  in  California 
and  the  promise  of  a  sufficient  supply,  a  continuation  of  the  early 
experiment  was  made  and  tests  indicated  great  possibilities  for  oil 
fuel.  The  first  regular  conversion  of  a  locomotive  to  oil  burning  in 
regular  service  was  on  the  Southern  Pacific  Railroad  in  November 
1900  and  a  number  of  tests  made  in  comparison  with  coal  fuel  proved 
so  satisfactory  that,  in  February  1901,  we  were  authorized  to  equip 
other  engines.  This  was  gradually  done,  and  in  about  five  years  all 
locomotives  were  converted  to  oil  burners  on  the  Southern  Pacific 
in  California,  and  extending  to  El  Paso,  Texas,  embracing  what  is 
known  as  the  Pacific  System  Lines.  The  approximate  number  of 
locomotives  we  now  have  burning  oil  is  as  follows: 

Passenger 443 

Freight 533 

Switch 177 

Total 1163 

61  On  the  above  basis  the  consumption  is  788,687  lb.  per  month, 
or  9,464,244  bbl.  per  year. 

62  The  characteristics  of  the  oil  have  been  fully  covered  in  the 
previous  papers.  There  is,  of  course,  a  range  in  variation  in  spe- 
cific gravity  of  14  deg.  or  15  deg.  Baum6.    Its  calorific  value 
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is  taken  at  18,500  B.t.u.,  which  we  consider  to  express  its  mean  heat 
value.  The  following  specifications  for  fuel  oil  have  been  adopted 
by  the  Southern  Pacific  system : 

General  Requirements.  Liquid  fuel  is  orude  petroleum  as  received  from  the 
wells,  or  the  product  of  crude  petroleum,  distilled  or  reduced.  It  must  con- 
tain no  sand  or  foreign  matter  in  the  shape  of  sticks,  waste,  stones,  etc.,  and 
must  be  sufficiently  liquid  to  flow  readily  in  4-in.  pipes  at  a  temperature  of  70 
deg.  f ahr.  It  must  contain  as  little  water  as  possible,  and  oil  containing  more 
than  2  per  cent  of  water  and  other  impurities  will  not  be  accepted. 

Fuel  oil  will  be  paid  for  on  the  basis  of  volume  at  60  deg.  fahr.,  also  deduct- 
ing all  water  contained,  according  to  method  outlined  as  follows: 

Tests,  One  sample  will  be  taken  from  each  carload  or  fraction  thereof.  The 
sampling  of  cars  is  to  be  made  with  car  thief  having  valve  at  lower  end.  The 
thief  with  open  valve  will  be  lowered  gradually  into  car  and  valve  closed  at 
instant  of  touching  bottom.  The  thief  thus  filled  will  contain  oil  sample  to 
be  tested  for  water,  sand,  basic  sludge,  and  specific  gravity. 

Oil  received  in  settling  or  storage  tanks  will  be  sampled  with  Robinson  or 
other  standard  thief,  a  sufficient  number  of  samples  being  taken  to  secure  an 
average  of  its  contents. 

Fuel  oil  will  not  be  accepted  for  general  use,  the  flash  point  of  which  is  less 
than  110  deg.  fahr.  when  tested  by  the  open  cup,  Tagliabue  method.  The  oil 
to  be  heated  at  rate  of  5  deg.  per  min.,  and  test  flame  applied  every  5  deg., 
beginning  at  90.  This  flashpoint  being  the  danger  point  at  which  the  oil 
begins  to  give  o£f  inflammable  gas,  the  fire  or  burning  point  is  not  required. 

The  test  for  water,  sand,  and  Baum6  specific  will  be  made  as  follows: 
100  cu.  cm.  of  the  sample  will  be  placed  in  a  250-cu.  cm.  graduated  glass 
cylinder  provided  with  stopper,  and  thoroughly  shaken  up  with  not  less  than 
150  cu.  cm.  of  gasoline.  The  mixture  will  be  heated  to  120  deg.  fahr.  for  from 
3  to  6  hours  to  facilitate  the  separation  of  impurities,  the  amount^  of  which 
can  then  be  read  from  the  graduations  of  cylinder.  All  proportion  of  water 
and  other  impurities  contained  in  the  sample  will  be  deducted  from  the 
volume  contained  in  the  car  and  not  paid  for. 

The  temperature  of  shipment  will  be  tested  directly  as  sample  is  removed 
from  sampling  tube,  or  by  immersion  of  thermometer  in  the  receptacle  itself 
for  not  less  than  one  minute.  A  deduction  in  volume  for  expansion  at  tempera- 
ture of  over  60  deg.  fahr.  will  be  made  at  rate  of  0.0004  for  each  degree.  At 
90  deg.,  the  deduction  would  be  li  per  cent,  etc.;  Kansas  and  Oklahoma  fuel 
oil  furnished  from  Sugar  Creek  or  Kansas  City,  Mo.,  at  90  deg.,  should  have  a 
deduction  of  1}  per  cent. 

Gravity  of  fuel  oil  should  range  between  13  and  29  deg.  6aiun6  at  60  deg. 
fahr. 

Conditions.  If  any  portion  of  an  accepted  shipment  is  subsequently  found 
to  be  damaged,  or  otherwise  inferior  to  the  original  sample,  that  portion  will 
be  returned  to  the  shipper  at  his  expense.  Any  sample  failing  to  meet  all  the 
requirements  of  this  specification  will  be  condemned,  and  the  shipment  repre- 
sented by  it  will  be  returned  to  the  manufacturers,  they  paying  freight  both 
ways. 
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63  In  the  evolution  of  oil  burning  in  locomotives,  the  matter 
unfortunately  resolves  itself  to  one  of  local  conditions.  The  modem 
locomotive  boiler  is  not  an  ideal  form  of  oil  furnace.  Railroads  must 
bum  whatever  fuel  is  cheapest  and  most  available,  and  the  matter 
continues  to  be  one  largely  of  expediency. 

64  Locomotive  boilers  are  designed  for  coal  fuel  and  in  the  early 
days  of  converting  engines  to  liquid  fuel  we  claimed  that  should 
emergency  arise  the  oil  burning  engines  could  be  converted  over 
night  in  the  roundhouse  back  to  coal  again.  From  the  figures  given 
us  by  Mr.  Bell  as  to  extent  of  petroleum  deposits  in  this  state,  it 
does  not  seem  at  all  likely  that  the  contingency  will  soon  arise. 

65  Locomotive  fuel  oil  is  carried  in  tanks  built  to  fit  the  coal  space 
in  the  tender.  Additional  flat  tanks  when  required  are  placed  over 
the  coal  space  or  back  of  it.  Gravity  supply  is  depended  upon 
through  flexible  pipes  to  the  locomotive.  By  use  of  steam  coils  the 
oil  in  tender  tanks  is  heated  to  about  120  d^.  Oils  with  less  viscosity 
than  California  fuel  oil  would  require  less  preheating.  Each  system 
of  oil  tanks  on  the  tender  is  provided  with  a  gage  board  or  scale  from 
which  the  fuel  records  are  kept. 

66  The  burner  used  is  of  the  flat  jet  non-pressure  type  consisting 
of  a  flat  casting  divided  longitudinally  by  a  partition  over  which  the 
oil  flows  as  it  is  admitted  to  the  upper  cavity.  The  lower  cavity 
receives  the  steam  for  the  jet  which  strikes  the  oil  flowing  over  the 
partition,  spraying  it  into  the  furnace.  We  aim  completely  to  atomize 
the  oil  near  the  burner  tip  in  order  that  it  may  be  immediately  vapor- 
ized. The  form  of  burner  is  of  minor  importance  provided  it  is  simple, 
ea£y  to  clean,  and  without  complication  from  carbonizing.  It  has  in 
truth  been  said  that  those  who  try  to  improve  the  efficiency  of  fuel 
oil  by  alteration  of  the  burner  are  on  a  plane  with  those  who  try  to 
improve  the  steaming  quality  of  a  boiler  by  altering  the  injector. 
High  eflBciency  from  fuel  oil  is  due  mainly  to  the  arrangement  of  the 
furnace. 

67  The  steam  for  atomizing  is  obtained  from  the  dome  and  is 
available  at  full  boiler  pressure  of  200  lb.  through  a  suitable  regulat- 
i^g  valve.  We  have  used  compressed  air  experimentally  and  for 
some  time  used  a  form  of  burner  that  delivered  air  inductively  to  the 
burner  itself.  Other  than  by  a  localization  of  heat  at  the  point  of  the 
burner,  no  benefit  could  be  found  by  tests  with  air  mingled  with  the 
steam  in  this  way.  Atomization  with  compressed  air  is  undoubtedly 
of  value  under  certain  conditions  but  is  liable  to  produce  locally  in 
the  furnace  a  more  intense  heat  than  is  desirable.    {With  a  dry  or 
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superheated  steam  jet  the  oil  is  sprayed  and  broken  up  so  as  to  allow 
the  air  admitted  through  proper  dampers  to  mix  and  the  oil  to  be 
consumed  completely  without  damage  to  the  sheets.  Tests  on  our 
locomotives  by  Professor  Grey,  formerly  of  the  University  of  Cali- 
fornia, show  that  temperatures  ranging  from  2500  to  2750  deg.  fahr. 
are  obtained,  the  latter  being  the  highest  observed. 

68  The  method  of  fitting  a  locomotive  fire  box  for  oil  burning  is 
shown  in  Figs.  2  and  3,  which  is  the  present  standard  arrangement 
for  our  heavy  freight  engine  of  the  consolidated  type.  Fire  bricks, 
the  most  refractory  obtainable,  are  placed  at  the  lower  side  of  the 
fire-box  plates  to  prevent  impinging  of  the  oil  blast  against  the  sheets. 
No  more  bricks  than  are  necessary  for  the  purpose  are  used.  The 
most  refractory  bricks  melt  out  in  a  comparatively  short  time — ^not 
from  an  intense  degree  of  heat  so  much  as  from  the  fluxing  agents 
introduced  with  the  oil,  especially  salt  or  other  alkalis  with  which 
California  petroleums  are  associated. 

69  Fire-box  repairs  to  oil-burning  locomotives  do  not  exceed 
those  of  coal-burning  engines.  From  records  kept  of  cost  of  main- 
tenance, we  know  that  if  a  furnace  is  properly  equipped  with  draft 
adjustment  and  burner,  an  oil-burning  fire  box  should  outlast  a  fire 
box  burning  coal;  that  is,  on  the  same  class  of  engines  in  the  same  ser- 
vice. However,  it  cost  a  good  many  fire  boxes  to  determine  the  best 
arrangement.  In  this  connection  I  wish  to  emphasize  the  fact  that 
the  oil  fireman  is  a  large  factor  in  successful  oil  burning  on  locomotives. 
The  condition  is  very  different  from  that  of  oil  firing  on  stationary 
boilers.  Conditions  are  constantly  varying  in  the  locomotive 
engine,  dependmg  on  load  and  speed,  regularity  of  service,  con- 
dition of  track,  grade  and  rules  of  the  road.  The  oil  fireman  must 
necessarily  watch  the  operation  of  the  locomotive  with  intelligence 
and  every  movement  of  the  engineer  demands  corresponding  regula- 
tion of  the  fire  and  watchfulness  on  the  part  of  the  fireman.  He  has 
two  gages  to  guide  him,  the  steam  gage  and  top  of  the  stack  to  show 
results,  the  desired  steam  pressure  with  least  smoke  being  the  objec- 
tive. It  is  a  general  though  not  universal  condition  that  the  loco- 
motive should  give  some  smoke.  In  general  a  thin  grey  smoke  is 
indicative  of  the  most  economic  result.  A  careless  fireman  can  do 
great  damage  to  the  fire  box  and  fines  if  he  neglects  to  attend  to 
the  dampers  and  regulators  at  the  proper  time. 

70  It  is  my  opinion  that  a  greater  depth  of  fire  box  is  more  essential 
for  economic  oil  burning  than  for  coal.  If  combustion  is  not  approach- 
ing  completion  when   the  gases   enter    the    fines,   the  vapors  in 
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'tidii.  7„ii  igadd  under  oidlaary  h  vies  ooDdltlong.    Eotlnu  unaided.     Id  "nnUt  evapoi- 

^>»>lliinnce  of  11  cal'  ol  oU  aod  lU  Fqulvnlaul  In  water  la  mada  per  ht.  nhlle  atandlDE.  in 
'(^' ind  lb.  Oil  per  1000  Ian  mile."  a  deduct  Urn  |g  made  ol  Ileal,  per  hr.  ohlleBUcdlng  end 
■-^  M  ETit  of  ol!  [or  anporatlDC  ateam  for  atomlilDf  oil.  Quanllly  of  all  burned  coneDUd  to 
'^'Ogl  Icntperalure  of  70  dec.  'ahr.  All  meaaurlni  Inauumenta  calibrated.  Ajulysli  of  fuel: 
^■n  aiTtr  oil;  (tailtr.  11.8  di*.  Bauml:  flaah  point,  210  def.  fabt.;  Era  ppun.  111  dac.  fahr.i 
MKoiReial  valsbl.  1  lb.  par  cal. 
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process  of  combustion  fall  in  temperature  below  that  required  for 
oxidation  of  the  carbon,  and  it  is  precipitated  as  soot  or  black  smoke. 
While  this  is  a  common  phenomenon  of  smoke  production  with  any 
fuel,  it  is  more  in  evidence  with  oil  than  with  solid  fuel  where  there  is 
nothing  to  bum  but  volatile  combustible.  Lack  of  oxygen  is  gener- 
ally supposed  to  be  the  cause  of  smoke,  but  lack  of  sufScient  tempera- 
ture required  for  chemical  combination  is  as  often,  if  not  oftener,  the 
cause.  The  lack  of  sufficient  fire-box  volume  is,  in  my  opmion,  the 
common  cause  of  smoke  in  oil-burning  locomotives  when  the  greater 
demands  are  made  on  the  boiler  for  rapid  evaporation.  The  deposit 
of  soot  upon  locomotive  flues  in  oil  burning  is  a  common  difficulty  and 
calls  for  the  regular  operation  in  service  of  sanding  the  flues.  Soot  is 
a  poor  conductor  of  heat  and  the  steaming  quality  of  a  locomotive 
rapidly  falls  off  when  flues  become  lined  with  soot.  The  operation 
of  sanduig  consbts  in  dropping  the  reverse  lever  as  much  as  possible, 
while  the  engine  is  running,  opening  the  throttle  wide,  while  the 
fireman  puts  a  few  cupfuls  of  sand  through  the  operung  in  the  fire 
door,  the  draft  carrying  the  sand  through  the  flues  and  ridding  them 
of  soot,  the  operation  being  repeated  if  necessary.  A  supply  of  sand 
is  carried  on  the  foot  board  for  this  purpose. 

71  In  oil  burning  the  factor  of  grate  surface  disappears.  The 
grates  are  bricked  over  and  air  admission  regulated  through  openings 
and  proper  dampers.  There  is  no  fimction  corresponding  to  grate 
surface  such  as  used  in  connection  with  coal  bummg.  Only  the  item 
of  heatuig  surface  remains  on  which  to  base  comparisons. 

72  The  rate  of  combustion  on  the  locomotive,  like  other  functions, 
depends  on  the  service  and  size  of  the  machuie.  While  the  principles 
of  combustion  do  not  vary  in  locomotive  boilers  from  those  in  sta- 
tionary service,  there  is  a  wide  variation  in  the  rate  of  steam  produc- 
tion, independent  of  the  kind  of  fuel  used.  With  the  modem  locomo- 
tive in  maui  line  service  the  demand  for  steam  at  full  pressure  per 
unit  of  heating  surface  far  exceeds,  in  point  of  time,  the  product  of  a 
stationary  boiler.  The  demand  on  the  locomotive  is  intermittent 
and  conditions  vary  from  an  enormous  rate  of  steam  production  when 
working  at  a  rate  of  maximum  effort,  to  one  of  comparative  rest. 

73  A  large  number  of  locomotive  tests  have  been  made  by  the 
Southern  Pacific  Railroad,  covering  the  use  of  fuel  oil  separately  as 
well  as  in  comparison  with  coal.  Table  4  shows  evaporative  results 
on  most  recent  tests  covering  about  the  heaviest  oil  firing  which 
we  have,  crossing  the  Sierra  Nevadas. 

74  Comparisons  of  coal  and  oil  from  an  economic  standpoint  are 
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most  interesting  where  the  two  fuels  come  in  competition,  and  rela- 
tive values  must  largely  depend  on  the  conditions  and  form  of  boilers 
under  which  either  fuel  is  burned.  Some  engine  boilers  are  better 
adapted  for  coal  than  oil,  or  vice  versa,  depending  on  construction. 
Comparisons  therefore  are  to  some  degree  a  function  of  the  boiler 
itself.  This  was  gone  into  quite  thoroughly  when  the  locomotives 
were  converted  and  a  summary  of  the  results  is  given  in  Table  5. 
The  figures  are  based  on  evaporative  tests  before  and  after  conver- 
sion. The  comparisons  are  with  ordinary  bitimiinous  coal  of  about 
13,350  B.t.u- 

75  The  total  number  of  locomotives  accounted  for  in  Table 
5  is  745,  and  the  mean  equivalent  is  152  gal.  or  3.62  bbl.  of  42 
gal.,  equivalent  in  heat  value  to  2000  lb.  of  coal.     The  average 

TABLE  6    OOMPARATIVU  TESTS  WITH  OIL  AND  GOAL 


Type  of  Locomotive 

Number  In  Servtoe 

50 

176 

67 
1S9 

19 

EvaporaUon,  2000  Lb.  Coal  Equiv- 
alent to  Fuel  Oil,  Gal. 

EUto-whedlS^* 

TuHrhMl 

144 
151 

Mocnl 

146 

Tiraln-whMl 

1                             168 

CoDMlidaUon 

162 

Athntie 

144 

1                             •■»^ 

I 

equivalent  figures  in  the  table  cover  much  careful  work  and  are 
based  on  equivalent  evaporative  results  from  many  service  tests. 
It  should  be  borne  in  mind  that  the  figures  are  from  service  tests  and 
represent  oil  burned  on  the  main  line  between  terminals  only  and 
not  losses  in  transfer,  handling  or  firing  up,  etc.  Our  accounting 
department  uses  a  figure  of  168  gal.  or  4  bbl.  of  oil,  equivalent  to  one 
ton  of  coal. 

76  It  may  be  said  that  with  fuel  oil,  provided  engines  are  burning 
it  with  a  fair  degree  of  eflSciency ,  the  quality  of  fuel  is  a  constant  f ac- 
^f*  Poor  or  bad  coal  as  accounting  for  engine  failures  drops  from 
the  delay  report.    The  old  excuse,  'cleaning  fires"  does  not  hold. 

77  In  addition  to  engines  enmnerated  in  Table  5,  we  now  have  29 
^'onsolidation  Freight  Mallets  and  12  Mogul  Passenger  Mallets  in 
8er\'ice.  These  are  all  oil  burners  and  have  never  been  used  with 
coal  fuel,  hence  no  fuel  equivalents  can  be  furnished  for  engines  of 
this  class.  Oil  is  an  ideal  fuel  for  Mallet  locomotives,  as  the  personal 
equation  is  eliminated  as  relates  to  physical  inability  of  firemen  to 
Maintain  coal  fires  on  long  runs  with  engines  of  this  class. 
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78  Concerning  relative  values  of  coal  and  fuel  oil  I  cannot  close 
without  submitting  Table  Q,  showing  results  with  both  fuels  on  the 
Southern  Pacific  Company's  bay  steamers,  the  figures  comprising  the 
last  six  months'  record  with  coal  for  the  year  1901  compared  with 
the  last  six  months  in  oil  for  the  year  1908.  The  figures  shown  arenot 
from  evaporative  tests  but  cover  actual  service  of  eleven  steamboats, 
a  total  of  176,790  miles  as  coal  burners,  and  186,771  miles  as  oil 
burners,  and  are  from  the  official  accounting  record. 


TABLE  6    RECORD  OF  GOAL  BURNED  DURING  LAST  SIX  MONTHS  OF  1901,  AND 
OIL  BURNED  DURING  LAST  SIX  MONTHS  OF  1908,  ON  STEAMERS 

OF  SOUTHERN  PACIFIC  COMPANY 


Steamnr 


Berkeley... 
Piedmont.. 
OakUnd... 
Bey  City.. . 

Knolnel 

Newark.... 

Trenelt 

El  CaplUn. 

Soleno 

AiMtehe 

Modoo 


Tone  Coal 

Coneuzned 

MUeaie 

MUei 

Last  Six 

forCorre- 

per  Ton 

Months 

■ponding 

of  Coal 

of  Coal 

Pmod 

Consumed 

Burning 

3704 
4323 
S209 
3880 
870S 
1800 
3581 
1019 
4610 
1071 
3306 


Tbtals  and  Re-| 
sultant  Means;     81000 


18693 

19648 

18S48 

31680 

30384 

9873 

16716 

7388 

6480 

18993 

30086 


170790 


0.73 
4.08 

6.73 
7.46 
6.47 
6.04 
0.48 
7.10 
1.31 
9.04 
9.18 


6.70 


Barrels 

Oil  Con- 

MUcaie 

sumed, 

for  Corre- 

Six Months 

sponding 

(43GaLper 

Flsrlod 

BU.) 

31180 

11307 

16414 

30808 

18008 

19894 

11648 

30043 

10613 

19078 

0619 

10631 

•648 

17923 

8481 

0073 

17161 

7148 

7990 

31880 

7083 

31170 

114061 

180771 

Mllee  per 

Bbl.of 

Oil 

Consumed 


1.89 
1.86 
1.40 
1.81 
1.87 
1.63 
1  88 
1.77 
0.43 
3.07 
3.70 


1.63 


Equivalent 
of  One  T6b 
of  Coal  for 
Equal  Mile- 
aaslnBbl.of 
OH 


8.60 
8.tt 
8.93 

4.13 
3.9  i 
8.11 
8.46 
4.01 
3.88 
8.01 
8.81 


Mean  Equivalent  of  I  Ton  of  Coal  In  Bbl.  of  Oil,  3436 


79  The  service  of  these  bay  steamers  represents  a  consumption 
per  year  of  229,302  bbl.,  which,  added  to  my  former  figure  per  year 
for  locomotives,  gives  a  total  of  9,693,546  bbl.  per  year  consumed  by 
the  Southern  Pacific  Company.  In  addition  to  this  a  considerable 
amount  is  used  in  shops  and  roUmg  mills. 

80  Let  us  hope  that  the  rate  of  production  in  California  as  shown 
in  Mr.  Bell's  paper,  63,000,000  bbl.  in  1910,  may  maintain.  Approxi- 
mately one-seventh  of  the  output  b  consumed  by  the  Southern 
Pacific  Company. 
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MARINE  USE  OF  FUEL  OIL 

Bt  J.  H.  Hopps,  San  Francisco,  Cal. 
Member  of  the  Society 

81  As  a  fuel  for  steamships,  petroleum  has  many  advantages 
besides  that  of  low  cost,  the  most  important  of  these  being: 

a  The  saving  in  labor  and  consequent  reduction  in  the  num- 
ber of  firemen.  The  amount  of  money  saved  varies  with 
the  size  of  the  ship  and  the  number  of  firemen  carried. 
In  installations  of  average  size,  one-third  the  number  of 
firemen  and  coal  passers  necessary  when  burning  coal 
would  be  sufficient. 

b  Reduction  in  weight  and  bulk  of  fuel,  giving  increased  cargo 
capacity  and  resultant  greater  earning  power.  Compar- 
ing "Wellington  Screenings/'  a  type  of  coal  generally 
used  for  steamship  work  on  the  coast,  and  fuel  oil  at  from 
14  to  17  Baum6,  oil  for  equal  heating  value  occupies 
about  one^half  the  space  taken  by  the  coal  and  has  less 
than  one-half  the  weight.  Oil  may  be  carried  in  parts  of 
the  ship  not  otherwise  useful. 

c  Saving  in  time.  The  time  consumed  in  coaling  and  expense 
of  moving  to  bunkers  is  saved,  as  fuel  oil  can  be  pumped 
into  the  ship  when  at  the  dock  and  while  the  cargo  is 
being  taken  on  or  discharged. 

d  Uniform  steaming.  The  rate  of  steaming  can  be  kept  uni- 
form, there  being  no  loss  due  to  cleaning  fires,  etc. 

e  Cleanliness,  due  to  the  absence  of  coal  dust  and  dirt  when 
coaling  and  to  the  absence  of  ashes  in  the  fireroom. 

/  Reduced  cost  of  maintenance.  Fewer  repairs  on  boilers 
due  to  uniform  temperature  in  furnace  and  combustion 
chamber.  No  corrosion  of  floor  plates,  fire  fronts,  or 
bunkers.  No  grate  bars  to  burn  out,  fire  doors  or  ash- 
handling  machinery  to  renew  or  repair. 

82  That  the  advanjbages  of  oil  as  fuel  are  recognized  is  evident  from 
the  large  number  of  steamers  using  this  fuel.  Some  of  these  vessels 
are  of  large  size  and  make  long  voyages,  notably,  the  ships  of  the  Hawa- 
iian American  Steamship  Company,  the  steamers  Tenyo  Maru  and  the 
Chiyo  Maru  of  the  Toyo  Kisen  Kaisha  Company,  the  steamers  Sierra 
and  Mariposa  of  the  Oceanic  Steamship  Company  and  the  numerous 
large  tank  steamers  owned  by  the  Standard  Oil,  Associated  Oil  and 
Union  Oil  Companies. 
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BBSTTLTS  OF  TESTS 

S3  It  is  not  possible  to  give  exact  figures  upon  the  saving  effected 
by  the  use  of  oil  as  the  prices  of  both  coal  and  oil  are  constantly 
changing.    Some  instances,  however,  may  be  quoted. 

84  In  the  report  of  the  Naval  Liquid  Fuel  Board  published  in 
1904,  figures  are  given  upon  the  performance  of  the  Steamship 
Nevadan  of  the  Hawaiian  American  Steamship  CJompany.  The 
following  tabulation  is  taken  from  these,  voyage  No.  1  with  coal 
being  from  San  Diego  to  New  York  and  voyage  No.  2  with  oil  from 
New  York  to  San  Diego. 

Coal  Oil 

pbr  i.h.p.       feb  i.h.p. 

2  lb 


Total 

I.H.P. 

Fuel 

Total 

Consumption 

OP  Fuel 

Voyage  No.  1.. . 

..     1833 

coal 

2269  tons 

Voyage  No.  2. . . 

. .     2196 

oil 

9126  bbl. 

1.1  lb. 


85  Of  the  coal  burned,  part  was  Eureka  and  part  Coronel  coal. 
The  heat  value  of  the  coal  is  not  given.  The  figures  for  voyage  No.  2 
represent  an  exceptionally  fine  performance.  The  steamer  was  new, 
fitted  with  triple-expansion  engines,  the  Howden  system  of  forced 
draft,  and  the  Lassoe-Lovekin  oil-burning  system. 

86  When  burning  oil,  six  men  were  required  in  the  fireroom  as 
against  fifteen  when  burning  coal.  Four  hundred  and  fifty-seven  tons 
of  measured  space  for  cargo  was  saved  on  account  of  the  decreased 
bulk  of  the  oil  fuel.  The  financial  gain  to  the  company  from  all 
causes  is  given  as  $500  per  day. 

87  In  the  case  of  a  small  coasting  steamer  coming  under  the  obser- 
vation of  the  writer,  careful  records  were  kept  of  the  fuel  cost,  both 
with  oil  and  coal.  The  cost  of  fuel  per  hour  of  actual  steaming, 
averaged  for  a  period  of  six  months  in  each  case,  was 

Coal  at  $5.25  per  ton $2.65  per  hr. 

Oil  at  $0.70  per  bbl 1.64  per  hr. 

88  In  1903  a  series  of  tests  were  made  by  .T.  W.  Ransom  on  the 
tugs  Richmond  and  A.  H.  Payson,  owned  by  the  Santa  F6  Railroad 
Company.  As  these  vessels  ply  only  on  San  Francisco  Bay  and  in 
smooth  water,  the  installation  of  platform  scales  to  weigh  the  feed 
water  and  fuel  oil  was  feasible.  The  tests  were  made  with  great  care, 
a  number  of  observers  being  employed  and  all  essential  data  recorded 
to  show  the  efSciency  of  the  entire  installation  and  of  the  boilers 
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and  engines  separately.    The  detailed  data  secured  were  destroyed 
in  the  fire  of  1906,  there  remaining  only  a  summary  of  the  results. 

89  The  machinery  of  the  two  vessels  is  identical  with  the  excep- 
tion of  the  boilers.  The  Richmond  is  fitted  with  a  boiler  of  the 
Scotch  marine  type,  13  ft.  mean  diameter  by  11  ft.  long,  with  three 
Morrison  furnaces,  3  ft.  6  in.  in  diameter  by  7  ft.  10  in.  long,  and  230 
tubes  3i  in.  in  diameter  by  7  ft.  10  in.  long.  The  depth  of  the  com- 
bustion chamber  is  36  in.  and  the  total  heating  surface  is  2136  sq.  ft. 
The  A.  H.  Payson  is  fitted  with  a  Babcock  and  Wilcox  marine  water- 

TABLE  7  RESULTS  OF  FIVE-HOUR  TESTS 

FiYB-HouB  Rum,  Tug  A.  H.  FxTioif.  Ano.  i,  1001 

Water  I 

Water    ®^***  I  Faetor  Water  .    OU     j  «      a 

from          .  'I  Spo«d 

avap.  ■         .of  per         per      ^T    . 

.  •^,      and  .V^     ;   ,\~     ,  knote 

aetuai      ^«._     evap.  l.h.p.  I  l.h.p. 
at3U               I 

deg.  I 


13.00 
1.00 
8.00 
8.00 
4.00 
ft.OO 


Time 

R<p.m> 

H.p. 

11.00 

18.00 

06.8 

636 

1.00 

00.0 

638 

8.00 

04.6 

600 

8.00 

06.6 

408 

4.00 

00.4 

637 

Water 
used 


oa 

used 


01 
03 
01 
01 
01 


638 

11830 

600 

11418 

408 

11800 

637 
Pnr»-Hc 

13361 
»nB  Rum 

418 

1 
0633 

434 

10331 

418 

8831    ' 

418 

10400    1 

418 

0037 

1 

868 
837 
800 
830 
846 


18.4 
18.6 
14.1 
18.6 
14.6 


14.08 
14.77 
15.33 
14.00 
16.84 


1.006 

31.4 

1.004 

31.0    i 

1.087 

33.4 

1.078 

33.0 

1.086 

33.0    ! 

1.60 
1.00 
1.68 
1.06 
1.60 


830 
836 
800 
833 
806 


13.3 
13.4 
11.0 
13.3 
11.3 


13.80 
14.10 
13.66 
18.00 
13.00 


1.140 
1.143 
1.140 
1.140 
1.160 


33.8 
34.8 
31.1 
36.1 
33.0 


1.08 
1.07 
1.03 
1.00 
3.00 


11.78 
10.08 
11.06 


11.08 
10.04 
10.76 


Fajson 
Richmond 


06.6 
01 


630 
410 


Atxraob  fob  Fxvb  Houbs  Run 


11663 
0743 


834 
833 


13.8 
11.8 


16.06 
13.06 


1.080 
1.143 


33.3 
33.3 


1.60 
1.00 


11.16 
10.47 


tube  boiler,  total  heating  surface  2770  sq.  ft.  The  engines  in  both 
cases  are  compoimd  engines,  high-pressure  cylmders  20  in.  m  diam- 
eter, low-pressure  cylinders  42  in.  in  diameter,  and  stroke  24  in. 

90  A  large  number  of  tests  were  made  on  these  vessels  in  actual 
service  when  towing  car  floats  to  and  from  Point  Richmond.  In 
addition,  a  5-hour  test  running  steadily  without  a  tow  was  made  on 
each  boat,  with  the  results  given  in  Table  7. 

91  From  examinations  of  the  logs  of  numerous  steamships,  it 
appears  that  with  vessels  fitted  with  triple-expansion  engines  devel- 
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oping  from  1000  h.p.  up,  with  everything  in  first-class  condition,  the 
fuel  consumption  will  be  about  IJ  lb.  of  oil  per  i.h.p-hr.  For  smaller 
vessels  fitted  with  compound  engines,  the  consumption  will  range  from 
1.6  to  2  lb.  per  i.h.p-hr.,  depending  on  the  efSciency  of  the  plant. 

OIL  STORAGE 

92  In  order  to  render  a  fuel  oil  installation  safe,  careful  attention 
must  be  paid  to  the  construction  of  the  tanks  in  which  the  oil  is 
stored.  Not  only  should  the  very  best  workmanship,  the  best 
methods  of  support  and  the  best  quality  of  riveting  be  insisted  on, 
but  great  care  should  be  exercised  in  the  design  of  the  ventilation 
system.  Air  pipes  should  be  fitted  to  all  tanks  of  sufficient  size  to 
lead  off  gases  as  they  accumulate  and  to  prevent  any  undue  pressure 
on  the  tanks  due  to  too  rapid  pumping  when  they  are  being  filled. 
The  ventilating  pipes  should  be  led  as  directly  as  possible  to  above  the 
uppermost  deck  of  the  vessel.  They  should  not  be  near  the  smoke 
stack  and  should  be  placed  where  it  will  be  impossible  for  a  naked 
light  to  be  near  them.  The  openings  should  in  all  cases  be  covered 
with  wire  gauze  carefully  secured.  Further  than  this,  the  workman- 
ship on  all  pipes,  valves  and  fittmgs  should  be  of  the  very  best  quality. 
Great  care  should  be  taken  that  all  joints  are  perfectly  tight,  as  the 
leakage  of  a  very  small  quantity  of  oil  may  result  in  a  formation  of  a 
large  volume  of  gas  from  which  a  disastrous  explosion  or  a  serious 
fire  may  result. 

93  In  the  case  of  wooden  vessels,  separate  steel  tanks  indepen- 
dent of  the  structure  of  the  ship  are  provided.  The  location  of 
these  tanks  varies  greatly,  depending  on  the  trade  in  which  the  ship 
is  engaged  and  the  preference  of  the  supermtending  engineer.  They 
are  frequently  placed  in  the  space  formerly  occupied  by  the  coal 
bunkers,  in  the  fore-peak  and,  often,  on  deck. 

94  In  a  steel  vessel  fitted  with  double  bottom,  the  fuel  oil  may  be 
stored  in  the  compartments  in  the  double  bottom  usually  devoted 
to  water  ballast,  or  in  deep  tanks  constructed  for  the  purpose  and  usu- 
ally extending  entirely  across  the  ship.  Where  deep  tanks  are  used, 
expansion  trunks  should  be  provided. 

95  The  use  of  the  double  bottom  for  fuel  oil  is  open  to  several 
objections.  The  tanks  being  shallow  and  divided  into  a  large  num- 
ber of  compartments  by  the  floors,  keelsons,  and  intercostals  of  the 
ship,  it  is  very  difficult  to  fill  them  completely  owing  to  the  air  trapped 
in  the  different  compartments.    It  is  also  impossible  to  empty  them 
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entirely  and  when  a  tank  is  only  partly  filled,  trouble  may  be  experi- 
enced in  pumping  out  the  oil  when  the  ship  is  rolling.  Again,  if  the 
ship  has  to  go  far  North  or  South  where  the  water  is  cold,  the  oil  in  the 
double  bottoms  congeals  and  difficulty  is  experienced  in  pumping. 
With  many  cargoes  it  is  necessary  to  fill  the  compartments  of  the 
double  bottom  with  water  ballast  when  the  oil  is  pumped  out,  and  this 
means  that  at  all  times  there  will  be  a  considerable  quantity  of  water 
present  in  the  oil.  When  the  double  bottom  is  used,  it  is  neces- 
sary to  provide  settlmg  tanks  in  or  near  the  fireroom  into  which  the 
oil  is  pumped  from  the  ballast  tanks  before  being  pumped  to  the 
burners.  The  object  of  these  settling  tanks  is  to  permit  the  removal 
of  any  water  which  may  have  foimd  its  way  into  the  oil  tanks,  or 
which  maybe  in  the  oil  when  it  is  loaded.  These  settling  tanks  should 
be  of  sufficient  size  to  contain  from  8  to  12  hours'  supply.  They 
should  be  in  duplicate  and  fitted  with  steam  coils  for  heating  the 
oil)  gage  glasses  to  show  the  amount  of  water  in  the  bottom  of  the 
tanks,  and  connections  for  the  oil  pumps  and  for  pumps  to  draw  oflf 
the  water  settled  out  from  the  oil. 

OIL  BURNING 

96  The  importance  of  proper  furnace  arrangements  with  means  of 
controUmg  and  directing  the  supply  of  air  and  fuel  has  been  empha- 
sised m  previous  discussions.  In  the  case  of  marine  installations  it  is 
not  always  possible  to  secure  the  best  furnace  arrangement.  Nearly 
^  the  steamers  in  commission  today  are  equipped  with  boilers  of  the 
iiitemally-fired  type.  With  the  short  cylindrical  furnaces  of  compara- 
tively small  diameter  used  on  these  boilers,  it  is  very  difficult  to  secure 
the  highest  possible  efficiency  when  burniirg  oil.  They  are  well 
adapted  for  the  burning  of  coal. 

97  For  the  burning  of  oil  it  is  well  known  that  an  ample  combus- 
tion space  is  needed.    With  a  large  combustion  space,  greater  time 
JS  available  and  there  is  more  opportunity  for  the  oil  particles  to  take 
ttp  their  requisite  supply  of  air  for  combustion.  Further,  it  is  important, 
M  has  been  pointed  out,  that  the  direction  of  the  incoming  air  current 
should  be  such  as  to  cause  an  intimate  mixture  of  the  air  supply  and 
oil  particles.     With  the  short  cylindrical  furnace  these  conditions 
are  difficult  of  attainment.    The  air  and  fuel  are  admitted  in  sensibly 
parallel  paths.     The  time  during  which  fuel  and  air  are  in  the  furnace 
is  very  short.     In  consequence,  complete  combustion  is  difficult  and 
is  always  delayed.     With  water-tube  boilers,  the  furnace  conditions 
are  superior,  and  higher  efficiencies  have  been  shown. 
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98  In  considering  the  installation  of  a  fuel  oil  equipment,  the  sub- 
ject is  naturally  divided  into  two  parts,  the  first  relating  to  the 
storage  and  handling  of  the  fuel,  and  the  second  relating  to  arrange- 
ments for  its  combustion.  Under  the  first,  the  safety  of  the  ship 
and  those  on  board  her  is  the  first  consideration,  and  after  this 
come  convenience  in  handling  fuel  and  accessibility  of  all  the  im- 
portant parts;  under  the  second,  would  be  considered  the  system 
for  burning  oil,  type  of  burners,  and  furnace  arrangement. 

ATOMIZATION 

99  Three  systems  of  atomization  are  in  use  in  marine  installa- 
tions, namely,  steam,  air,  and  mechanical  atomization.  Of  these, 
by  far  the  greater  number  of  installations  in  use  on  the  Pacific  coast 
are  of  the  second  order. 

100  The  use  of  steam  for  atomization  is  confined  to  vessels  plying 
in  inland  waters,  or  on  very  short  runs.  Steam  atomization  is  not 
suitable  for  vessels  making  voyages  of  any  length  because  of  the  large 
amounts  of  fresh  water  necessary  for  boiler  feed  to  make  up  the  loss 
due  to  the  steam  used  for  atomizing.  This  feed  water  must  be  carried 
in  tanks,  thereby  reducing  the  cargo  capacity  of  the  ship,  or  else  made 
up  by  the  use  of  evaporators,  a  very  inefficient,  expensive  arrangement. 

101  In  air  atomization  the  air  is  used  at  pressures  ranging  up  to 
60  lb.  per  sq.  in.,  depending  on  the  burner.  By  far  the  larger 
number  of  oil-burning  outfits  utilize  pressures  in  the  neighborhood 
of  20  lb.  per  sq.  in.,  the  air  being  supplied  by  a  steam-driven  com- 
pressor, or  in  the  case  of  low  pressures,  a  rotary  blower. 

102  The  third  system,  mechanical  atomization,  quite  generally 
known  as  the  "Koerting"  or  "Meyer''  system,  although  extensively 
used  in  Europe,  has  not  yet  been  adopted  to  any  extent  on  the  Pacific. 
The  atomization  is  effected  by  expelling  the  oil  through  a  small  orifice 
partly  closed  by  a  plug,  on  which  is  formed  a  spiral  thread.  The 
edges  of  the  orifice  are  sharp  and  the  spiral  thread  imparts  to  the 
stream  of  oil  a  rapid,  whirling  motion,  causing  the  oil  to  break  up  into 
fine  drops  which  leave  the  nozzle  in  a  cone  of  atomized  oil  upon  which 
the  entering  air  currents  impinge. 

103  As  has  been  said  earlier  in  the  discussion,  few  data  are  avail- 
able showing  the  efficiency  of  marine  oil  installations.  The  amount  of 
steam  required  for  atomization  will  range  from  2  per  cent  to  8  or 
9  per  cent,  depending  on  the  type  of  burner  and  the  intelligence  with 
which  it  is  operated. 


E.  G.  JONES  63 

104  For  air  atomization  and  with  air  pressures  of  from  20  to  30 
lb.  per  sq.  in.,  from  6  to  10  cu.  ft.  of  air  per  minute  per  poimd  of 
oil  burned  will  be  required.  For  air  atomization  with  low  pressures, 
sach  as  can  be  produced  by  a  rotary  blower,  of  which  the  Lassoe- 
Lovddn  system  as  fitted  to  the  steamships  of  the  American  Hawaiian 
Steamship  Company  is  an  example,  the  amount  of  air  required  for 
atomization  is  not  known.  The  air  pressure  used  is  1}  lb.,  and  all 
the  air  is  heated  by  the  Howden  system.  The  oil  is  heated  to  175 
deg.fahr. 

105  A  few  installations  of  the  third,  or  mechanical  S3rstem,  have 
been  made  on  the  coast,  but  no  information  is  available  as  to  the 
effidency  obtained.  In  the  opinion  of  the  writer,  the  mechanical 
system  has  not  received  the  attention  which  it  deserves  from  our 
local  engineers.  It  should  be  efficient  and  its  simplicity  is  certainly  a 
recommendation.  I  am  informed  by  the  agent  for  the  Koerting 
company  that  the  oil  may  be  handled  by  the  ordinary  pumps  installed 
for  that  purpose,  with  other  S3rstems,  but  that  an  additional  heater 
18  necessary  as  the  temperature  of  oil  at  the  burner  should  be  from  240 
to  260  d^.  It  is  further  stated  that  as  long  as  the  pressure  of  oil  at 
the  burner  tip  is  maintained  at  more  than  40  lb.  per  sq.  in.,  there  will 
benocarbonization  in  the  heating  and  pipe  system,  nor  in  the  burner. 
It  is  said  that  100  lb.  per  sq.  in.  at  the  burner  is  the  most  desirable 
pressure  for  this  system.  The  makers  state  that  to  operate  the  pumps 
and  supply  the  heat  to  the  oil  necessary  with  this  system  takes  from 
f  tol per  cent  of  the  steam  evaporated. 

106  Some  large  tank  steamers  fitted  with  the  mechanical  system 
are  said  to  operate  very  satisfactorily.  The  results  obtained  show 
that  the  consumption  of  oil  is  from  1.09  to  1.37  lb.  of  oil  per 
i.h.p-hr.  for  all  purposes.    These  vessels  develop  about  1900  h.p. 

PRODUCER  GAS  FROM  CRUDE  OIL 

By  E.  C.  Jones»  San  Francisco,  Cal. 
Member  of  the  Society 

107  The  subject  of  producer  gas  from  crude  petroleum  or  its  pro- 
ducts is  not  enough  crystallized  to  enable  the  economy  to  be  deter- 
Duoed  exactly.  Califomia,  with  its  immense  deposits  of  petroleumi 
is  the  natural  and  logical  field  for  the  exploitation  and  industrial  use 
of  oil  producer  gas.  It  is  to  be  deplored  that  such  an  important  sub- 
ject  was  first  considered  by  men  not  conversant  with  the  manufacture 
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of  oil  gas,  and  in  casting  about  for  apparatus  to  make  producer  gas 
from  oil  they  naturally  gravitated  to  the  old  familiar  methods  of 
retorting  the  oil,  and  any  improvements  that  grew  out  of  these 
methods  seem  to  have  retamed  the  objectionable  features  of  tiie  retort 
system.  Briefly  stated,  these  objections  consist  of  shutdowns  for 
the  purpose  of  removing  coke  and  frequently  for  burning  out  accumu- 
lated soot  and  lamp  black.  A  typical  analysis  of  gas  made  in  this 
way  is:  CO2, 4.5;  CO,  7.4;  O2,  0.4;  CH4, 12.0;  Hj,  3.1;  Ni,  71.9;  B.t.u. 
per  cu.  ft.,  172;  claimed  thermal  efficiency,  39  to  62  per  cent;  operat- 
ing thermal  efficiency,  55  per  cent. 

108  This  gas  has  been  applied  to  the  operation  of  small  gas- 
engine  units  up  to  and  including  100  h.p.  Owing  to  the  abimdance 
of  petroleum  in  California,  it  has  superseded  all  crude  material  in  the 
manufacture  of  illuminating  gas.  To  attain  its  present  degree  of 
perfection,  elaborate  experiments  were  performed  for  the  purpose  of 
changing  the  chemical  and  physical  condition  of  the  gas  to  best 
adapt  it  to  modem  domestic  and  industrial  gas  appliances. 

109  The  first  oil  gas  manufactured  on  a  large  scale  in  California 
had  the  following  analysis: 

Per  Cent 

Heavy  hydrocarbons .• 6.2 

Marsh  gas 25.6 

Hydrogen 62.4 

Carbonic  oxide 3.0 

Carbon  dioxide 0.2 

Oxygen 0.4 

Residual  nitrogen 2,2 

100.00 
Specific  gravity 0.303 

110  By  improvements  in  apparatus  and  refinements  of  operation 
the  hydrogen  content  of  the  gas  has  been  reduced  to  less  than  40 
per  cent;  the  marsh  gas  has  been  increased  to  34  per  cent;  the  car- 
bonic oxide  has  been  increased  to  9  per  cent;  the  specific  gravity  to 
0.485,  and  the  B.t.u.  from  624  to  680  per  cu.  ft.  The  oil-gas  gener- 
ators used  at  present  for  manufacturing  illuminating  gas  are  so  elastic 
in  their  operation  that  any  of  them  can  be  immediately  adapted  to  the 
manufacture  of  producer  gas  from  oil. 

111  The  writer  has  carried  on  a  series  of  experiments  with  oil 
producer  gas,  using  a  large  generating  unit  and  the  only  change  in 
equipment  was  the  use  of  compressed  air  at  from  35  to  40  lb.  pres- 
sure for  the  injection  of  oil  and  to  assist  in  the  partial  combustion  of 
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the  oil.  During  these  experiments  producer  gas  was  made  having  a 
thermal  value  as  low  as  103  B.t.u.  per  cu.  ft.,  and  as  high  as  482  B.t.u. 
per  cu.  ft.  Unf ortimately  no  ready  means  was  at  hand  for  measuring 
the  quantity  of  gas  and  the  amount  of,  oil  used  to  produce  1000  cu.  ft. 
A  typical  analysis  of  this  gas  is  as  follows : 

Per  Cent 

Carbon  dioxide 4 

Heavy  hydrocarbon 2  or  less 

Oxygen 1 

Carbonic  oxide 10 

Hydrogen 5 

Marsh  gas 8 

Nitrogen 70 

100 

112  This  gas  has  a  calorific  value  of  160  B.t.u.  per  cu.  ft.  To  use 
this  gas  successfully  in  gas  engines  it  is  necessary  that  it  shall  be  thor- 
oughly cleansed  by  efficient  scrubbing,  and  that  it  shall  be  uniform  in 
calorific  value  and  chemical  constituents.  This  last  can  be  readily 
accomplished  in  the  operation  of  oil-gas  generators,  used  as  producers, 
by  careful  measurement  of  the  oil  used,  and  of  the  air  supplied  for 
its  partial  combustion,  and  by  the  maintenance  of  a  fairly  constant 
temperature  in  the  generator  through  observations  of  the  color  m  the 
checker  brictwork. 

113  Making  producer  gas  from  oil  in  the  ordinary  oil-gas  genera- 
tor has  many  advantages  over  any  special  process.  The  gas  can  be 
made  in  very  large  quantities  and  the  amount  made  can  be  easily 
regulated  to  the  needs.  The  operation  is  continuous  and  without 
interruptions  for  cleaning.  This  is  essential  in  the  manufacture  of 
producer  gas  for  power  purposes.  In  any  other  known  process  the 
interruptions  are  not  at  stated  intervals,  but  occur  when  the  producer 
refuses  to  work,  owing  to  the  clogging  of  its  parts  by  coke  or  lamp 
black.  Oil-gas  generators  have  no  easily  destructible  parts  as  the 
lining  and  checker  brick  are  constructed  with  a  view  to  resisting  high 
toperatures  and  although  a  much  higher  temperature  is  desirable  in 
makbg  producer  gas  than  that  employed  in  making  oil  gas,  the  checker 
brick  is  not  seriously  affected  by  the  high  temperature.  In  the 
decomposition  of  oil,  in  the  presence  of  air,  there  is  a  complete  dis- 
position of  all  the  gas  making  constituents  of  the  oil,  so  that  producer 
gas  can  be  made  without  a  by-product  of  any  kind.  Any  accumula- 
tion of  carbon  in  the  generator  may  be  removed  by  adjusting  the 
temperature  and  quantity  of  air  supplied.    This  method  of  making 
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gas  requires  a  small  gas  holder  for  momentary  storage,  and  the  process 
as  at  present  understood  could  not  be  used  as  a  suction  gas  producer. 
Producer  gas  made  from  oil  and  containing  a  small  percentage  of 
hydrogen  possesses  advantages  over  illuminating  oil  gas,  inasmuch  as 
it  can  be  subjected  to  higher  compression  in  gas  engine  cylinders,  and 
with  a  gas  of  uniform  analysis,  uniform  piston  speed  can  be  obtained. 

DISCUSSION 

W.  H.  Frost^  mentioned  the  following  as  requisites  in  producing 
power  gas  from  fuel  oil : 

a  To  produce  the  gas  continuously  in  the  quantity  required 
by  the  engine,  dispensing  with  storage. 

b  The  gas  to  contain  the  maximum  of  carbon  monoxide  and 
the  minimum  of  hydrogen,  to  obtain  highest  thermal  effi- 
ciency and  best  regulation  of  engine. 

c  Gas  to  be  practically  even  in  quality  to  prevent  shutdowns. 

d  Gas  to  be  clean,  as  very  minute  particles  of  carbon  accumu- 
late and  foul  engine  valves,  necessitating  shutdowns  and 
cleaning. 

e  Apparatus  to  occupy  relatively  small  space. 

/  Operation  to  be  simple,  readily  understood  by  ordinary 
attendant  and  requiring  minimum  of  attention. 

g  To  dispense  with  offensive  fumes  and  by-products. 

h  To  reduce  the  necessary  elements  to  the  minimum. 

During  experiments  of  several  years'  duration,  in  making  producer 
gas  from  oil,  Mr.  Frost  had  found  the  most  difficult  task  of  all  was 
to  separate  the  fine,  almost  microscopic  particles  of  carbon  from  the 
gas,  so  that  it  would  be  perfectly  clean  and  suited  to  any  gas  engine. 
Eventually,  a  centrifugal  scrubber  of  simple  design  was  devisedi 
which  absolutely  cleans  the  gas,  so  much  so  that  fine  white  muslin 
held  for  one  or  two  minutes  over  a  1-in.  outlet  with  gas  imder  2-in. 
water  pressure,  sufficient  to  make  a  very  long  flame,  shows  no  stain 
whatever  and  if  kept  there  for  2  hours  shows  only  a  slight  discol- 
oration. The  scrubber  doing  this  is  about  4  ft.  in  diameter  by  5  ft. 
long,  and  cleans  about  35,000  cu.  ft.  of  gas  per  hour. 

The  fine  dry  carbon,  free  from  tar,  is  collected  from  the  wash  water 
by  any  convenient  means.  In  a  plant  of  500  h.p.  it  is  not  sufficient 
in  quantity  to  reouire  any  special  separating  device,  .but  is  collected 
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in  a  skimining  tank  in  the  usual  manner.  This  fine  clean  carbon  has 
many  valuable  uses,  particularly  in  paint  for  metal  or  wood. 

The  economy,  of  course,  varies  with  the  engine,  but  actual  runs  on 
plants  of  100  to  500  h.p.  show  that  a  guarantee  of  li  lb.  of  oil  per 
b.h.p.  is  perfectly  safe. 

As  to  sizes  of  producers,  with  a  circular  chamber  less  than  18  in. 
in  diameter  by  4  ft.  long,  or  about  7  cu.  ft.  capacity,  I  have  made  the 
gas  required  to  operate  a  150-h.p.  engine  full  load,  but  prefer  larger 
capacity,  at  least  for  the  present. 

Mr.  Jones  in  his  paper  on  producer  gas  from  crude  oil  states: 
"The  operation  is  continuous,  and  without  interruptions  for  cleaning. 
Tliis  is  essential  in  the  manufacture  of  producer  gas  for  power  pur- 
poses." Quoting  again,  "Any  accumulation  of  carbon  in  the  gener- 
ator may  be  removed  by  adjusting  the  temperature  and  quantity  of 
air  supplied."  This  indicates  that  there  is  a  necessity  for  cleaning 
but  that  a  change  in  proportion  of  air,  with  consequent  change  in 
tmperature  (probably  more  air  raises  temperature),  causes  the  accu- 
mulated deposits  to  be  consumed.  The  writer's  experience  had  been 
that  any  change  in  temperature,  or  proportion  of  elements,  changed 
the  quality  of  the  gas  and  caused  shutdown  of  the  engine.  The 
change  mentioned  would  probably  make  the  gas  leaner. 

The  only  way  to  avoid  serious  engine  troubles  would  be  to  provide 
sufficient  storage  so  that  the  changes  of  gas  values  would  be  very 
slow  and  gradual  and  even  then  the  load  must  never  be  greater  than 
the  leanest  gas  will  carry,  and  the  engine  requires  close  attention 
and  skilful  handling.  Even  if  the  leanest  gas  can  be  kept  up  to 
180  B.t.u.,  it  will  require  37,500  cu.  ft.  per  hr.  for  a  500-h.p. 
load  (12,000  B.t.u.  per  b.h.p),  making  an  enormous  storage  capacity 
necessary  to  anywhere  near  the  average  of  the  quality  of  the  gas. 

The  statement  of  the  necessity  of  changes  also  shows  that  this  is 
not  a  continuous  process  producing  a  uniform  gas,  but  one  producing 
•continuous  supply  of  gases  of  varying  values,  whereas  a  continuous 
ropply  of  a  practically  uniform  gas  is  absolutely  essential  in  engine 
operation. 

C.  R.  Weymouth.  If  we  assume  that  the  range  of  fuel  oil  ordi- 
narily varies  between  the  limits  of  12  and  18  deg.  Baum^,  we  find, 
in  accordance  with  Table  3  of  Professor  LeConte's  paper  an  increase 
of  2.18  per  cent  in  the  total  heat  units  per  barrel,  in  favor  of  the  heav- 
ier oil.  So  long  as  the  barrel  is  the  unit  in  the  purchase  of  oil,  power 
plant  operators  cannot  ignore  this  comparison. 
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Since  the  reading  of  these  papers  the  writer  has  endeavored  to 
collect  data  in  an  attempt  to  establish  a  relation  between  the  spe- 
cific gravity  of  California  crude  oil,  Baum6  scale,  and  the  percentage 
of  hydrogen  shown  by  its  ultimate  analysis  in  order  to  compute  a 
table  showing  the  available  heat  per  pound  and  per  barrel  of  crude 
oil  of  varying  gravities,  correcting  for  loss  due  to  latent  heat  of  steam 
formed  by  the  combustion  of  hydrogen.  A  curve  was  plotted  show- 
ing the  hydrogen  content  for  a  number  of  oils  of  dififerent  gravi- 
ties, Edmund  O'Neill,  professor  of  chemistry  at  the  University  of 
California,  having  furnished  a  large  part  of  the  data. 

It  was  found  that  there  is  no  exact  relationship  between  the  specific 
gravity  of  crude  oil  and  its  hydrogen  content,  although  there  is  a 
general  tendency  toward  an  increase  in  hydrogen  content,  with  the 
lighter  oils. 

Examination  of  the  ultimate  analysis  and  calorimeter  tests  of  a 
number  of  California  crude  oils  indicates  the  rather  startling  fact  that 
it  is  possible  in  oils  having  practically  the  same  total  quantity  of 
inert  constituents,  to  have  a  variation  in  both  hydrogen  and  carbon 
contents  with  practically  no  variation  in  the  calorific  value  of 
the  oil. 

The  inevitable  conclusions  that  the  calorific  value  of  crude  oil 
does  not  correspond  to  the  heat  of  combustion  of  its  elemental  con- 
stituents, and  that  accepted  formulae  for  calculating  the  total  heat 
of  fuels  are  not  applicable  to  California  crude  oils,  are  borne  out  by 
the  fact  that  the  calculated  calorific  value  was,  in  one  instance,  8.7 
per  cent  greater  than  obtained  from  a  calorimeter  test.  This  appar- 
ent anomaly  is  no  doubt  explained  by  the  fact  that  crude  oil  is  an 
admixture  of  various  hydrocarbons,  in  the  formation  of  which  the 
heat  required. is  not  available  in  the  further  combustion  as  crude  oil. 

From  Table  3  the  writer  calculated  the  variation  in  hydrogen  due 
to  variation  in  heat  units,  according  to  Favre  and  Silberman's  formu- 
lae, the  result  being  an  increase  of  1.263  per  cent  hydrogen  for  10 
deg.  increase  Baum^.  From  the  foregoing  it  is  evident  that  this 
relationship  cannot  be  regarded  as  more  than  an  approximation.  As 
a  matter  of  interest,  a  diagram  was  plotted  and  a  line  drawn  having 
its  slope  in  accordance  with  this,  and  located  as  an  average  with 
respect  to  the  plotted  points.  On  the  basis  of  this  line  and  cor- 
recting for  latent  heat  of  steam  only,  the  available  heat  per  barrel 
of  oil  is  2.32  per  cent  greater  for  12  than  for  18  deg.  Baum6  oil.  If 
further  corrections  be  made  for  the  added  stack  losses  at  a  tempera- 
ture of  400  deg.  fahr.  due  to  the  greater  air  required  for  combustion, 
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then  12  deg.  Baum^  oil  has  an  advantage  over  18  deg.  Baum6  oil  of 
2.37  per  cent. 

It  should  be  evident  from  the  wide  scattering  of  the  hydrogen  points 
that  the  comparison  of  any  two  oils  imder  consideration  should  be 
made  with  respect  to  their  individual  analyses,  and  not  with  respect 
to  the  average  line  mentioned.  For  example,  from  the  plotted  points 
a  hydrogen  variation  of  1.6  per  cent  is  noticeable  with  practically 
ao  variation  on  the  Baum^  scale,  corresponding  to  which  the  stated 
increase  of  hydrogen  involves  a  commercial  loss,  due  co  its  lower 
available  heat,  and  increased  chimney  losses  of  approximately  1 
per  cent.  Taking  into  consideration  this  loss  and  the  greater  total 
heat  units  of  heavy  oils,  the  extreme  variation  in  the  commercial 
value  of  anhydrous  crude  oils,  between  the  limits  of  12  and  18  deg. 
Baum4,  appears  to  be  not  greater  than  3  per  cent. 

As  a  result  of  all  the  tests  made  by  Chas.  C.  Moore  &  Company 
B^ineers,  and  the  Babcock  &  Wilcox  Company,  with  California 
crude  oils,  it  is  not  apparent  that  the  above  conclusions  will  be 
materially  modified  by  a  consideration  of  the  atomizing  agent,  when 
oils  are  heated  to  the  proper  temperature  before  firing. 

It  should  be  noted  that  Table  3  is  intended  to  represent  a  general 
average,  the  line  bemg  drawn  through  plotted  pomts  considerably 
scattered.  Calorimeter  determinations  will  still  be  necessary  as 
the  specific  gravity  of  an  oil  is  not  an  accurate  index  of  its  calorific 
value. 

Mr.  Dunn  has  fairly  represented  current  practice  in  the  design  of 
chimneys  for  oil-fired  boilers  at  sea  level,  for  moderate  sized  plants. 

About  eight  years  ago,  the  writer  established,  for  Chas.  C.  Moore 
4  Company,  a  rule  for  oil-burning  chimneys,  as  set  forth  in  Mr. 
Dunn's  paper,  and  while  such  a  basis  for  the  selection  of  chimneys 
has  kept  them  out  of  difiSculties,  recent  investigations  indicate  the 
desirability  of  a  radical  departure  from  this  rule  m  certain  special 
instances. 

For  the  benefit  of  those  who  contemplate  using  Kent's  table  of 
chinmey  capacities  as  a  basis  of  selection  of  chimneys  for  oil-burning 
plants,  the  writer  woiild  state  that  Mr.  Dunn's  explanation  of  the 
reasons  for  adducing  the  rule  given,  is  hardly  correct.  The  weight 
of  chimney  gases  per  boiler  horsepower,  when  burning  coal,  is  not 
twice  that  when  burning  oil.  It  is  possible  to  use  chimneys  of  smaller 
area  for  oil  burning  than  for  coal  burning,  by  reason  of  the  much  lower 
draft  required  for  the  former,  permitting  higher  velocities  in  the  chim- 
ney, and  a  greater  percentage  of  draft  loss  in  the  chimney  proper. 
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Mr.  Kent  probably  never  intended  the  widespread  usage  accorded  his 
table  of  chimney  capacities,  and  before  adopting  this  for  too  general 
usage,  engineers  would  do  well  to  inquire  the  basis  of  development 
and  the  significance  of  the  figures  given. 

According  to  Kent's  table,  a  chimney  48  in.  in  diameter  by  100 
ft.  in  height,  is  rated  at  348  commercial  h.p.  According  to  Mr. 
Dunn's  paper,  this  chimney  would  develop  double  that  amount,  or 
practically  700  boiler  h.p.  The  questions  arise,  should  this  chimney 
be  connected  to  boilers  aggregating  700  h.p.  based  on  the  normal 
rating,  will  it  merely  carry  boilers  when  operating  at  rating,  or  does 
it  provide  a  margin  for  overload,  and  if  so,  to  what  extent;  and  were 
it  desirable,  in  such  a  plant,  to  operate  both  boilers  temporarily  at 
100  per  cent  overload,  developing  1400  boiler  h.p.,  would  it  be  neces- 
sary to  install  a  chimney  of  double  the  sectional  area?  The  writer  no 
longer  uses  Kent's  table  for  selecting  chimneys  for  oil-fired  boilers, 
and  it  is  not  possible  to  obtain  correct  ratings  for  oil  chimneys  by 
applying  a  fixed  ratio  to  the  capacity  set  forth  in  it. 

With  economical  firing,  and  with  properly  designed  furnaces,  the 
draft  in  the  third  pass,  required  to  bum  oil  in  a  Babcock  &  WUoox 
boiler  of,  say  250-h.p.  rating,  is  about  0.1  in.  If  thb  boiler  be  con- 
nected to  a  chinmey  100  ft.  in  height,  giving  a  working  draft  at  the 
base  of  the  chimney  of,  say  0.5  in.,  it  b  evident  that  this  surplus  draft 
is  capable  of  flooding  the  boiler  with  an  excess  of  air,  if  the  draft  be 
improperly  regulated.  Such  an  operation  could  easily  result  in 
such  a  large  excess  of  air  for  combustion  as  to  require  the  burning  of 
10  per  cent  excess  oil,  merely  to  heat  to  the  stack  temperature  the  air 
so  admitted. 

If  for  the  given  single  boiler  the  chimney  height  be  reduced  approx- 
imately to  35  ft.,  the  boiler  outlet  and  breaching  being  of  ample 
area,  and  the  stack  being  direct  connected  to  the  boiler,  the  chimney 
would  then  produce  a  maximum  draft  practically  equivalent  to  that 
required  for  the  operation  of  the  boiler  at  rating;  and  with  boiler 
damper  and  ashpit  doors  wide  open,  it  would  be  impossible  for  the 
most  careless  firemen  to  flood  the  furnaces  with  any  material  excess 
of  air.  The  writer  does  not  recommend  that  all  chimnby  heights  be 
reduced  to  35  ft.,  but  this  illustration  serves  to  indicate  an  extent  of 
safeguarding  the  fuel  economy  of  the  boiler  room,  not  possible  by 
any  other  simple  means. 

In  an  o£5ice  building  in  San  Francisco,  it  was  foimd  necessary,  by 
reason  of  the  height  of  the  building,  to  install  a  chimney  extending 
more  than  200  ft.  above  the  boiler  room  floor  line.    On  one  occasion 
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the  analysis  of  flue  gases,  in  connection  with  this  chimney,  indicated 
200  per  cent  air  over  actual  requirements,  and  a  certain  fuel  loss,  as 
compared  with  economical  firing,  of  at  least  20  per  cent.  While,  in 
this  instance,  it  was  impossible  to  reduce  the  height  of  the  chimney, 
the  diameter  could  have  been  decreased  to  such  an  extent,  that  the 
available  draft  at  the  base  would  have  been  reduced  by  the  chimney 
friction  to  an  amount  more  nearly  in  keeping  with  the  boiler  require- 
ments. 

As  illustrating  the  overloadmg  and  abuse  of  boilers  possible  with 
excessiye  drafts,  the  writer  has  in  mind  a  Stirling  boiler  having  a 
connected  chimney  of  generous  diameter,  80  ft.  in  height.  The 
damper  lever  had  been  disconnected,  and  the  boiler  fired  with 
both  rear  damper  and  ash  doors  wide  open.  The  fireman  was  in- 
structed in  the  regulation  of  dampers  and  ash  doors,  but  failed  to 
observe  these  instructions.  Subsequent  tests  indicated  overloads 
of  several  hours'  duration,  of  85  per  cent,  and  momentary  overloads 
of  even  greater  extent.  There  were  other  boilers  in  service,  having 
less  draft  power,  which  were  not  overloaded  to  this  extent.  In  the 
plant  in  question,  all  boilers  should  have  been  operated  practically 
at  rating  on  a  nearly  uniform  factory  load.  Obviously  the  overload- 
mg of  this  particular  boiler  led  to  a  considerable  fuel  loss.  To  obviate 
these  difficulties  the  writer  has  recently  recommended  a  40-f t.  reduc- 
tion m  the  height  of  this  chimney.  A  greater  reduction  would  be 
possible  from  the  boiler  standpoint,  but  is  in  this  instance  limited  by 
height  of  building. 

When  operating  boilers  under  variable  load,  a  careless  fireman  is 
liable  to  discover  that  the  steam  gage  reads  5  or  6  lb.  low  and  rapidly 
fallmg.  Through  habit,  he  has  learned  that  this  loss  can  be  overcome 
by  a  few  moments  of  heavy  firing.  During  such  periods,  the  boiler 
is  frequently  fired  at  from  200  per  cent  to  300  per  cent  rating 
and  boiler  tube  renewals  are  many  times  chargeable  to  this  cause, 
Dot  to  mention  the  resulting  excessive  oil  consumption.  While  a 
ccrtam  excess  draft  is  necessary  for  proper  regulation  of  boiler  plants 
on  variable  load,  it  is  self-evident  that  it  can  lead  only  to  severe  abuse 
rf  boilers  in  the  hands  of  ordinary  firemen. 

Prior  to  the  burning  of  oil  in  Pacific  coast  plants,  chimneys  were 
proportioned  for  coal-burning  practice,  and  in  many  instances  the 
subsequent  failure  to  obtain  favorable  economy  with  oil  fuel  in  every- 
day work  was  attributable  to  tall  chimneys.  In  a  number  of  those 
stations  it  was  later  found  possible  to  increase  largely  the  number  of 
boilers  connected  to  one  chimney,  the  station  economy Vas  improved 
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without  apparent  effort  of  the  firemen,  smce  the  mcreased  volume  of 
gases  passing  through  the  flues  and  chimney  reduced  the  draft  avail- 
able at  the  boiler  outlet,  and  at  once  limited  the  extent  of  flooding  the 
furnaces  with  excess  air,  formerly  possible  with  an  excessive  draft. 

It  has  been  found  by  experiment  that  the  draft  necessary  for  the 
combustion  of  oil  varies  largely  with  the  economy  of  firing,  and  in  one 
series  of  tests,  operating  the  same  boiler  at  approximately  rated  capac- 
ity, the  draft  varied  from  less  than  0.1  in.  with  economical  firing, 
to  nearly  0.5  in.  with  a  large  excess  of  air;  also  that  the  draft  neces- 
sary to  bum  oil  increases  rapidly  with  the  rate  of  overload  on  boiler. 
It  therefore  becomes  necessary,  in  the  selection  of  chimneys  for  a 
given  plant,  to  decide  both  the  maximum  capacity  to  which  it  is 
desirable  momentarily  to  force  boilers,  and  the  excess  air  supply 
over  the  most  favorable  firing  conditions,  to  be  regarded  as  the  limit 
of  safety  in  everyday  practice.  The  installation  of  fuel  economizers, 
excessive  breeching  resistances,  etc.,  will  also  influence  the  final  result. 
These  considerations  determine  the  draft  necessary  at  the  base  of 
chimney.  There  is  a  minimum  height  of  chinmey  which  will  produce 
the  desired  draft,  and  should  it  become  necessary  to  increase  the  chim- 
ney height  over  and  above  the  necessary  minimum,  the  diameter  of 
the  chimney,  for  economical  firing,  should  be  modified  to  absorb  by 
chimney  and  breeching  friction  the  excess  draft  thus  produced.  The 
provision  for  a  later  increase  of  boilers  on  a  given  chimney  will  of 
course  modify  these  conditions. 

There  are  many  factory,  pumping  and  heating  plants  where  the 
load  on  the  boilers  in  service  is  practically  uniform  and  rarely  exceeds 
rating.  In  certain  of  these  plants,  not  operated  by  skilful  firemen,  it 
would  be  possible,  building  conditions  permitting,  to  reduce  the  chim- 
ney height  materially  with  an  increase  in  fuel  economy. 

In  reply  to  a  query  by  Mr.  Himt,  by  controlling  the  firing  of  boilers 
by  variation  of  oil  pressure  from  a  central  point,  all  burners  being 
connected  to  a  common  oil  main,  it  is  possible  to  indicate  the  rate  of 
load  on  the  individual  boilers  by  pressure  gages  connected  to  the  oil- 
burner  branch  line.  At  the  Redondo  plant  we  controlled  the  firing 
of  boilers  from  a  central  point,  the  individual  oil-burner  regulating 
valves  being  wide  open  or  nearly  so.  The  pressure  gage  read  about 
20  lb.  when  the  boilers  were  fired  at  rating,  about  10  lb.  at  half 
load,  and  about  30  lb.  when  at  50  per  cent  overload.  When  used  in 
this  manner  the  pressure  gage  forms  a  reliable  index  for  gaging  the 
load  on  boilers,  at  least  for  the  purpose  of  the  firemen,  and  it  is  about 
as  cheap  an  instrument  as  can  be  secured  for  the  work. 
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W.  F.  DuRAJiD.  In  connection  with  Mr.  Dunn's  paper  on  chimney 
capacities,  the  accompanying  formulae  may  be  submitted  as  repre- 
senting conservative  practice  imder  what  may  be  denominated  approx- 
imately normal  operating  conditions.  The  factors  which  enter  into 
the  problem  of  chimney  draft  and  capacity  are  so  numerous,  their 
relations  so  obscure  and  values  so  difficult  of  numerical  determination, 
that  of  necessity  all  chimney  formulae  are  empirical,  that  is,  they  are 
simply  practice  expressed  in  algebraic  form.  The  literature  of  engi- 
neering abounds  in  chimney  formulae,  but  inasmuch  as  most  of  them 
relate  to  coal-burning  practice,  I  have  ventured  to  add  one  more  to 
the  list,  intended  to  refer  strictly  to  oil-burning  practice. 

While,  as  noted,  all  chimney  formulae  are  empirical  in  character, 
yet  they  may  to  some  extent  be  made  rational  in  form  and  the  more 
nearly  such  a  condition  is  realized  the  better  will  the  formula  take 
care  of  variations  bx  the  operative  conditions,  outside  the  immediate 
range  from  which  the  empirical  factors  are  drawn. 

The  general  character  of  a  chimney  formula  on  rational  lines  may 
be  readily  developed,  as  follows:  The  function  of  draft  involves 
the  pushing  of  air  into  the  furnace  and  the  pushing  of  the  gases  of 
combustion  through  the  tube  spaces  and  then  up  the  stack  to  the 
outer  air.  This  involves  the  work  of  giving  kinetic  energy  to  a  body 
of  air  and  gas  and  of  moving  it  against  a  resistance.  In  general,  such 
work  will  depend  on  the  quantity  of  gas  moved  and  on  the  square  of 
the  velocity.  This  work'must  be  supplied  by  the  draft  head  or  dif- 
ference of  pressure  between  the  external  air  and  minimum  pressure 
within  the  boiler,  and  per  pound  the  work  will  be  measured  by  the 
difference  of  pressure  in  pounds  per  square  foot  multiplied  by  the 
volume  of  one  pound  of  gas  in  cubic  feet.  We  have  thus  in  general 
the  relation: 


where 


Again,  let 


Then 


u^ VP 

u  =  velocity 

V  =  volume  per  lb. 

P  =  draft  head  measured  in  lb.  per  sq.  ft. 

B  =  boiler  h.p. 

w  =  lb.  of  gas  per  boiler  h.p. 

A  =  area  of  chimney 

BwV  =  total  volume  of  gas  =  Au 
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But  u^ — '-vf  VP,  and  P  the  draft  head  will  depend  in  general  on  the 

height  of  the  stack  and  on  the  stack  temperature.    According  to  the 
simple  theory  of  stack  draft,  such  head  is  measured  by  the  difference 
in  weight  between  a  column  of  normal  air  and  a  column  of  hot  gas, 
each  of  the  height  of  the  chimney. 
In  any  event,  we  may  put 

where 

h  ^  height  of  chimney 

X  —  a  factor  or  term  depending  on  the  temperature 

We  have  then 

u^^  VVhx 
and  hence 

A  VVhx  -^  BwV 
whence 


AVh^Bw  J^ 


In  words,  the  product  of  the  area  by  the  square  root  of  the  height 
should  follow  closely  the  product  of  the  number  of  pounds  of  gas  by 
the  square  root  of  the  volimie  per  pound  and  divided  by  the  square 
root  of  the  fimction  x. 

But  the  volume  of  1  lb.  of  gas  V  varies  directly  as  the  absolute 
temperature.  This  of  course  varies  widely  between  the  furnace  and 
the  top  of  the  stack.  The  temperature  at  the  base  of  the  stack  is 
usually  taken,  however,  as  primarily  related  to  the  value  of  the  draft 
function  x,  and  for  convenience  we  may  use  the  same  temperature  as 
related  in  a  general  way  to  the  value  of  V.  Also  w^  the  pounds  of 
gas  per  boiler  horsepower,  will  vary  inversely  as  the  boiler  efficiency.' 

Let  e  denote  the  efficiency  and  Ta  and  Tb  the  absolute  tempera- 
tures of  the  air  and  of  the  stack.    Then  we  may  write 

Ts 


Qe  ^  X 


where  Q  is  the  general  constant  or  factor. 

P         R 

The  function  x  takes  the  form   _ _  ,  where  P  and  R  are 

Ta       Ts 

constants.    Where  draft  head  d  is  expressed  in  inches  of  water  and 


\ 

u 
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tiie  height  of  the  chimney  in  feet,  this  takes  the  form 


._.  /7.6       7.9\ 
^-*lW-    Ts) 


If  80  d^.  fahr.  is  taken  as  a  fair  upper  temperature  of  the  air,  this 
reduces  to 


=  a(o. 


»'«'-«) 


The  entire 


ire  yj 


Ts  .. 


is  therefore  a  function  of  the  temperature  and 


its  value  for  a  range  of  values  of  Ts  is  given  in  Table  8. 

It  now  remains  only  to  find  a  value  for  the  numerical  constant  Q. 
This  has  been  done  by  using  the  results  of  practice  and  thus  checking 
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400 
420 
440 
4«0 
480 
500 

m 

540 


4.19 

660 

4.ie 

680 

4.12 

600 

4.10 

620 

4.07 

640 

4.06 

660 

4.01 

680 

4.03 

700 

the  formula  against  the  indications  of  experience. 
Ill  this  maimer,  we  find  as  follows: 


where 


4.02 
4.01 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 


(A -a)  Vh  =  p 

Qe 

A  =  area  of  chimney  in  sq.  ft. 

a  =  small  constant. 

h  =  height  in  ft. 

B  =  boiler  h.p.  actually  developed,  which  equals 
number  of  pounds  of  total  evaporation  per  hour 
reduced  to  conditions  from  and  at  212  deg., 
divided  by  34.5 

e  =  boiler  eflSciency 

y  =  temperature  factor  from  the  table 

Q  =  coefficient 
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Values  of  a  and  Q  arc  as  follows:    For  large  chimneys  or  from  300 
boiler  h.p.  up 

a  =  2.6 

Q  =  64 
For  small  chimneys  or  from  600  h.p.  down 

a  =  0.6 

Q  =  40 

In  choosing  the  values  of  the  constant  Q  the  following  special 
conditions  are  assumed: 

Heat  value  of  oil  fuel about  18,500  B.t.u. 

Temperature  of  external  air 80  deg.  fahr. 

Excess  of  air  in  furnace about  100  per  cent 

Boilers  workine  at  rate  of  output  not  greatly  exceeding  rated  load. 

The  particular  numerical  factors  in  the  formula  are  perhaps  not 
so  important.  I  dare  say  further  investigation,  undoubtedly  the 
results  of  Mr.  Weymouth's  data,  might  change  the  numerical  factors. 
I  believe,  however,  that  the  form  of  the  formula  may  possibly  be  of 
some  aid  in  passing  from  one  set  of  conditions  to  another,  or  inter- 
polating between  various  sets  of  conditions;  and  that  is  about  all 
any  engineering  formula  can  hope  to  do. 

In  connection  with  the  paper  by  Mr.  Hunt  on  Atomization,  I  have 
been  interested  in  estimating  the  work  equivalent  of  this  process. 
The  nozzle  of  a  burner  is  a  more  or  less  effective  device  for  transform- 
ing energy  of  steam  into  jet  energy,  exactly  in  the  same  manner  as 
does  the  nozzle  of  a  steam  turbine.  The  atomization  of  the  oil  and 
its  projection  at  high  velocity  into  the  furnace  involve  the  expendi- 
ture of  work,  and  this  work  must  be  derived  from  the  steam  by  way 
of  the  nozzle. 

One-half  lb.  of  steam  per  lb.  of  oil  is  perhaps  a  fairly  representative 
figure  for  the  amount  of  steam  required.  This  amount  of  steam  used 
with  any  reasonable  nozzle  efficiency  and  under  the  conditions  of, 
say  90  lb.  initial  pressure  absolute  and  15  terminal,  should  develop 
from  35,000  to  40,000  ft-lb.  of  energy,  thus  expended  in  work  on  the 
oil.  This  figure  is  impressive.  It  is  probable  that  due  to  wire  draw- 
ing and  inefficiency  in  the  nozzle  the  amount  of  work  actually  util- 
ized is  less  than  this  figure.  In  any  event,  however,  the  price  paid 
for  the  preparation  and  introduction  of  the  oil  into  the  furnace  is  a 
very  heavy  one,  and  the  question  not  unnaturally  arises  as  to  whether 
or  not  this  can  be  the  ultimate  method.  May  not  some  method  be 
developed,  mechanical  or  otherwise,  which  shall  enable  us  to  do  the 
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necessary  amount  of  work  on  the  oil  without  the  heavy  expenditure 
involved  in  the  present  systems  of  steam  or  air  atomization.  Mechan- 
ical atomization  seems  to  present  some  possibilities  and  it  may  be 
that  the  future  development  may  lie  along  this  path.  In  any  event, 
I  feel  that  as  engineers  we  should  entertain  a  feeling  of  profound 
discontent  with  our  present  methods  of  preparing  and  introducing  the 
oil  into  the  furnace,  and  that  we  should  not  rest  until  either  some  less 
costly  method  is  developed,  or  every  possible  method  and  expedient 
has  been  given  a  thorough  trial. 

Guy  L.  Batley.^  In  order  to  get  some  information  as  to  the  eflSci- 
ency  of  the  furnaces  in  the  station  of  the  Municipal  light  &  Power 
Company  plant,  on  Stevenson  Street,  we  installed  an  Orsat  apparatus  in 
the  fire  room.  The  four  boilers  are  of  Stirling  make,  and  the  samples 
were  taken  about  a  foot  below  the  damper.  The  determinations  were 
of  great  value  at  the  start  m  educating  the  firemen  as  to  the  amount 
of  air  required.  All  of  our  men  were  experienced  in  the  biuning  of 
fuel  oil,  but  they  were  firing  with  from  80  to  over  160  per  cent  excess 
Air-  By  shutting  down  on  the  draft  and  making  frequent  determi- 
nations with  the  Orsat  apparatus  until  a  high  per  cent  of  COj  was 
obtained,  the  firemen  were  taught  how  a  fire  should  appear  with  the 
minimum  amount  of  air  for  complete  combustion.  We  were  unable 
to  get  much  better  than  12  per  cent  COj,  as  above  this  point  the 
fire  was  liable  to  produce  smoke,  which  would  not  long  be  tolerated 
in  the  neighborhood  of  our  plant. 

The  second  month  showed  an  increase  of  19.3  per  cent  in  the  kw-hr. 
per  bbl.  of  oil  obtained  the  month  before  installing  the  Orsat.  During 
this  period  the  load  factor  on  the  turbine  increased  from  43  to  53.5 
per  cent,  which  would  account  for  some  of  the  mcrease  in  economy, 
but  hardly  for  the  amount  obtained. 

Thos.  Mobrin.  The  use  of  crude  oil  as  fuel  has  been  developed 
along  the  lines  of  unlimited  extravagance  in  the  vaporizing  process. 
Until  recently  steam  jets  have  been  used  in  land  plants  at  full  boiler 
pressure  for  vaporizing  oil  at  the  burner  tip,  because  of  its  convenience 
and  low  cost  of  application.  At  the  same  time  it  is  perhaps  the  most 
expensive  method  for  accomplishing  this  object.  I  believe  that  im- 
provement in  these  conditions  can  be  brought  about  only  by  a  burner 
mechanism  that  will  require  air  only  at  an  extremely  low  pressure 

^Mgr.,  Municipal  Light  &  Power  Co.,  San  Francisco,  Cal. 
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which  may  be  furnished  at  a  minimum  cost  so  that  its  most  extrava- 
gant use  cannot  go  beyond  a  certain  fixed  range. 

I  have  in  mind  mechanical  burners  of  the  turbine  fan-wheel  type 
rotating  at  a  high  speed  and  delivering  the  oil  from  the  periphery  of 
the  burner  at  a  velocity  of  approximately  7100  ft.  per  min.,  equal  to 
an  air  pressure  of  approximately  1^  oz.  per  sq.  in. 

In  tests  of  the  quantity  of  oil  and  the  percentage  of  power  used  to 
bum  a  fixed  quantity  it  was  noted  that  the  energy  expended  was  less 
than  1  per  cent.  In  fact,  the  figures  showed  an  actual  consimiption 
of  energy  amoimting  to  but  A  of  1  per  cent  of  the  actual  heat  results 
of  the  oil  burned. 

I  refer  to  this  scheme  of  vaporizing  oil  because  I  am  sure  that  oil 
will  be  used  more  and  more  for  fuel  purposes  if  we  convince  the  con- 
sumer that  it  is  unnecessary  to  install  a  steam  burner  or  an  elaborate 
mechanical  equipment.  A  simple  centrifugal  blower  and  a  rotary 
gear  pump  driven  by  one  electric  motor  that  any  unskilled  person 
may  use  and  operate  is  a  possible  equipment. 

E.  J.  Dyer^  stated  that  he  had  had  access  to  records  of  perform- 
ances of  several  steamers  rimning  on  the  coast  with  average  coal 
for  an  entire  year.  One  of  these  vessels  averaged  2.1  lb.  of  coal  per 
i.h.p-hr.,  and  the  other  2.5,  and  both  had  triple-expansion  engines 
larger  than  the  lower  limit  of  size  given  by  Mr.  Hopps.  The  better 
record  showed  about  70  per  cent  more  weight  of  coal  and  the  poorer 
100  per  cent  more  than  the  IJ  lb.  average  for  oil  quoted  by  Mr.  Hopps. 

In  regards  to  stacks,  if  the  correct  height  were  80  to  100  ft.,  how 
could  the  fact  be  accounted  for  that  a  boiler  plant  of  600  h.p.  capacity 
with  stacks  only  51  ft.  above  the  floor  line,  recently  installed  by  the 
speaker,  developed  an  average  of  170  per  cent  of  rating  with  peaks 
running  up  to  200  per  cent  on  a  five-day  test?  Not  only  this,  but  the 
height  is  such  that  the  firemen  have  to  be  watched  to  prevent  the  ad- 
mission of  an  excess  of  air.  Moreover,  in  the  same  building  a  recent 
storm  has  entirely  destroyed  a  number  of  stacks  on  some  return 
tubular  boilers  down  to  the  roof  line,  and  there  is  not  the  slightest 
diflSculty  in  running  these  boilers  up  to  capacity  with  the  stacks  in 
this  condition.  In  this  case,  the  height  of  stacks  could  not  be  more 
than  about  25  ft.  above  the  floor.  If  all  the  overload  capacity  con- 
sistent with  safety  could  be  secured  and  the  firemen  still  get  an  excess 

1  Engineer  of  Manufacturing  Department  of  the  Union  Oil  Company,  San 
Francisco,  Cal. 
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of  airif  not  watched,  manifestly  50-ft.  stacks  are  too  high.  At  another 
plant  of  1200  h.p.  in  four  units,  the  stacks  are  72  ft.  high.  These  are 
made  higher  than  would  be  ordinarily  necessary  on  account  of  the 
configuration  of  the  siurroundings.  With  these  stacks,  the  boilers 
can  be  operated  at  any  reasonable  overload  and  if  the  fireman  is  not 
watched  he  will  get  his  COs  as  low  as  2  per  cent.  These  stacks  are, 
therefore,  too  high,  except  perhaps  under  conditions  which  might 
bring  to  bear  the  adverse  influence  of  the  winds  passing  over  the  sur- 
rounding hills.  It  is  manifestly  unsafe  to  generalize  on  either  the 
height  or  diameter  of  stacks  without  knowing  all  of  the  conditions. 
The  draft  resistance  differs  in  different  tjrpes  of  boilers;  the  amount 
of  overload  desired  has  an  influence  on  the  height  and  area;  the 
draft  resistance  in  the  boiler  increases  with  overload;  conditions 
which  obtain  at  sea-level  are  not  present  at  altitude;  the  direction 
of  prevailing  winds  as  regards  the  situation  of  the  plant  with  refer- 
ence to  the  configuration  of  the  surroundings  is  of  consequence; 
there  is  a  great  difference  whether  each  boiler  is  equipped  with  an 
individual  stack,  one  stack  per  battery  of  two,  or  one  stack  serving 
several,  with  connecting  breeching;  every  turn  in  a  breeching  in- 
troduces a  draft  loss;  the  ^friction al  resistance  and  the  cooling  effect 
of  economizers^must  be  taken  into  consideration ;  for  construction 
purposes  there  is  an  economical  ratio  of  height  to  diameter;  the 
price  of  fuel  oil  is  a  consideration,  etc.  So  many  factors  enter  into 
the  design  and  proportions  of  stacks  that  the  subject  is  a  complicated 
one,  and  worthy  of  more  extensive  exploitation. 

As  to  the  use  of  compressed  air  instead  of  steam  for  atomizing, 
s  special  occasion  for  using  it  in  place  of  steam  is  probably  offered  by 
plants  where  exhaust  steam  does  not  exist  in  sufficient  quantities  for 
heating  purposes  within  the  limits  of  temperature  obtainable  by  steam 
at  or  near  atmospheric  pressure.  A  plant  of  2000  boiler  h.p.  located 
ni  Seattle  and  used  entirely  for  a  district  steam  heating  system  would 
wem  to  present  a  possibility  for  this  practice.  Industrial  operations 
mvolving  the  use  of  large  quantities  of  heat  at  relatively  low  tempera- 
*^ires,  of  which  there  are  a  number  of  examples,  might  also  be  simi- 
larly situated. 

G.  H.  Marx  said  that  in  1904  he  visited  the  laboratories  at  Munich, 
^d  was  shown  the  engine  on  which  Professor  Shroder  had  performed 
l^  experiments,  by  his  assistant,  who  assured  him  that  they  had  used 
California  crude  petroleum  in  some  of  their  tests,  and  that  the  petro- 
leum had  worked  very  satisfactorily,  and  left  no  residue  in  the 
cylinder. 
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HowABD  Stillman  spoke  of  the  operation  of  Diesel  engineSi  re- 
lating exp>eriences  in  the  shops  of  the  Southern  Pacific  Company  at 
Ogden,  Utah,  and  at  Tucson,  Ariz.  He  recounted  how  attempts  had 
been  made  to  operate  the  engine  at  Ogden  with  California  crude  oil, 
which  were  without  success  because  it  was  frequently  stopping  and 
tying  up  the  shop.  A  lighter  distillate  was  then  used  which  worked 
very  well  and  was  exceedingly  economical,  but  even  then,  the  engine 
was  not  reliable.  The  shop  could  not  be  kept  going  without  resorting 
to  the  old  steam  engine.  There  were  records  of  three  weeks  at  a  time 
when  the  performance  was  remarkable  and  then  would  come  a  period 
of,  say,  two  weeks  when  the  Diesel  Engine  was  hung  up  for  repairs 
and  the  steam  engine  had  to  be  used. 

At  Tucson  the  engine  was  maintained  longer,  covering  a  period 
of  three  years,  and  the  same  attempts  were  made  to  use  the  crude  oil 
or  a  lower  gravity  oil,  but  the  engine  was  intermittent  in  its  action. 
Finally,  a  Texas  oil  of  lighter  gravity  than  the  California  oil  was 
adopted  and  the  performance  of  the  engine  was  fairly  good,  although 
it  had  its  difficulties.  When  it  was  working  it  was  a  splendid  machine. 
One  attempt  was  made  to  dismantle  the  steam  engine  but  fortunately 
this  had  not  been  completely  done,  when  its  services  were  required 
because  of  trouble  with  the  Diesel  motor.  The  motor  was  finally 
abandoned  as  it  was  found  there  was  no  net  economy  in  operation. 
It  could  not  be  prophesied  when  it  was  going  to  stop  and  the  steam 
engine  was  finally  put  into  regular  service  again.  Delajrs  in  opera- 
tion of  Imeshafting  in  machine  shop  during  working  hours  were 
expensive. 

R.  W.  Fenn  said  that  he  had  been  in  Chili  and  had  found  Diesel 
engines  quite  common  there  and  inquired  particularly  about  their 
operation  from  engineers  in  charge  of  them.  They  pronounced  them 
ideal,  but  were  using  a  Peruvian  crude  oil  of  34  deg.  gravity. 

A.  F.  L.  Bell  reported  trouble  in  the  operation  of  a  1000-h.p. 
Diesel  engine  installed  at  the  United  Verdi  Mine.  The  engine  had 
been  bought  without  giving  attention  to  where  the  oil  was  to  be 
obtamed  and  experiments  were  now  being  tried  with  samples  of  oil  and 
distillate  from  different  parts  of  the  California  oil  fields.  He  thought 
that  the  California  oil  must  have  a  carbonizing  effect,  causing  this 
type  of  engine  to  stop  at  intervals. 

Thos.  MoRRiN  said  that  he  had  had  occasion  a  few  years  previously 
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to  inspect  all  of  the  carburetors  made  in  the  vicinity  and  that  he  found 
by  using  the  carburetors  in  duplicate,  so  that  if  one  fouled  a  change 
could  be  made  to  the  other,  and  by  feeding  water  into  the  inoperative 
one  while  it  was  still  hot,  the  deposit  of  dirt  and  carbon  would  slough 
off  easily  and  it  could  be  readily  cleaned.  The  carburetor  must  be  so 
constructed  that  it  could  be  easily  opened  and  tried  out.  If  the  oil 
was  very  dirty  it  might  be  necessary  to  have  the  carburetors  in  tripli- 
cate. No  difficulty  had  been  found  in  operating  when  the  carburetors 
were  cleaned  with  water  or  steam. 


No.  1308 

OIL  FUEL  FOR  STEAM  BOILERS 

Bt  B.  R.  T.  CoudNB,  Boston,  Mass. 

M«mber  of  tlw  Society 

1  In  order  to  make  comparisons  between  the  calorific  value  and 
other  properties  of  crude  oil,  fuel  oil  and  any  particular  coal,  Table  1 
is  ^ven,  with  the  authority  therefor  in  each  case. 

TABIf  1    PaOFBBTIBS  OP  CRUDE  AND  FTISL  OIL 
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ADVANTAQES  AND   DI8ADVAKTAOES  OF  OIL  FDBL 

2  The  advantages  of  oil  fuel  may  be  summarized  as  follows: 
a  Calorific  value  per  pound  30  per  cent  higher  than  that  of 
high-grade  coal,  a  less  weight  of  oil  hang  required  to  ^ve 
the  same  heating  effect. 
b  Space  required  for  storage  of  oil  is  less  than  that  for  an 
equal  weight  of  coal.  Fifty  per  cent  more  heating  value 
can  be  stored  in  t^e  same  cubic  volume  and  at  greater 
distance  from  the  boilers  without  extra  expense. 

In  abatiaot  form.  Presented  at  the  Boaton  meeting,  April  1911,  of  The 
Amxbicak  Socim  or  Mechanical  Enqinebrs.  Complete  paper  and  dis- 
cussion published  in  The  Journal,  August  1911,  p.  931. 
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c  Oil  does  not  deteriorate  by  storage,  as  coal  does  to  a  greater 
or  less  degree,  but  maintains  its  heat  value  indefinitely 
in  ordinary  ventilated  storage  tanks. 

d  Lower  temperatiu-e  in  boiler  room. 

e  Area  of  stack  60  per  cent  of  that  required  for  coal  for  equal 
boiler  capacity,  thus  enabling  a  plant  having  insufficient 
draft  with  coal  to  have  an  excess  amoimt  with  oil,  a  change 
from  coal  to  oil  for  fuel  making  installation  of  additional 
stack  capacity  unnecessary. 

/  Less  heat  lost  up  the  stack,  owing  to  cleaner  condition  of  tubes 
and  to  smaller  amoimt  of  air  which  has  to  pass  through 
furnace  for  a  given  calorific  capacity  of  fuel. 

g  Higher  efficiency  due  to  (1)  more  perfect  combustion  with 
less  excess  air,  (2)  more  equal  distribution  of  heat  in  com- 
bustion chamber,  as  doors  do  not  have  to  be  opened,  and 
(3)  small  amount  of  soot  deposited  on  the  tubes. 

h  Increase  in  capacity  of  35  per  cent  to  50  per  cent  over  coal, 
depending  on  grade  of  coal  and  draft  conditions  with  coal. 

i  Heat  is  easier  on  the  metal  surfaces,  being  more  evenly 
diffused  over  the  entire  heating  surface  of  the  boiler. 

j  Ease  with  which  fire  can  be  regulated  from  a  low  to  a  most  in- 
tense heat  in  a  short  time  or  entirely  extinguished  in- 
stantly incase  of  emergency,  such  as  water  dropping  out  of 
sight  in  gage  glass,  and  quickly  relighted  when  the  emer- 
gency is  over.  In  less  than  half  an  hour  a  boiler  can  be 
brought  up  to  150  lb.  steam  pressure  from  cold  water,  if 
necessary.  By  means  of  an  automatic  regulator  varying  the 
pressure  of  oil  and  steam  or  air  to  the  burners  or  atomizers, 
the  steam  pressure  can  be  maintained  within  5  lb.  total 
variation,  with  sudden  changes  in  load  amounting  to  50 
per  cent  and  over. 

k  Smoke  can  be  entirely  eliminated. 

I  No  cleaning  of  fires,  thus  boilers  can  maintain  their  maximum 
capacity  continuously,  if  necessary. 

m  Much  lower  cost  for  handling  oil,  as  it  runs  by  gravity  or 
is  pumped  into  and  out  (Jf  storage  to  the  boilers. 

n  Absence  of  coal  dust  and  ashes,  thus  enabling  everything 
in  the  boiler  room  to  be  kept  clean;  therefore  less  wear 
and  tear  on  pumps  or  other  machinery.  No  expense  for 
handling  and  removing  ashes. 
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0  No  firing  tools  used,  consequently  no  damage  to  furnace 

linings  from  this  source.    No  clinkers  to  be  removed  from 

grate  bars  or  furnace  side  walls. 
p  Less  shrinkage  and  loss  in  handling  oil  fuel  than  in  handling 

coal. 
q    Great  saving  of  labor  of  all  kinds:  firemen,  coal  passers,  ash 

wheelers,  tube  blowers,  etc. 

3  The  disadvantages  of  oil  fuel  are: 

a  Low  flash  point.  Fuel  oil  should  have  a  flash  point  not 
lower  than  140  deg.  fahr.,  and  with  oil  of  this  quality, 
handled  by  men  of  ordinary  mteUigence  and  common  sense, 
there  is  practically  no  more  danger  than  with  coal. 

6  The  ordinary  underwriters'  or  city  requirements  specify  that 
storage  tanks  for  fuel  oil  be  located  undergroimd  and  at 
least  30  ft.  from  the  nearest  building.  This  can  generally 
be  complied  with  in  the  case  of  the  power  plant  of  the 
average  maniifacturing  concern,  but  in  the  case  of  a  plant 
in  the  congested  districts  of  a  city  it  is  likely  to  be  pro- 
hibitive. 

c  With  boilers  using  feedwater  of  considerable  scale-making 
qualities,  the  cost  of  repairs  is  Ukely  to  be  increased  by 
changing  to  oil,  owing  to  the  intense  temperature  devel- 
oped in  the  furnace.  However,  with  a  proper  setting  for 
burning  oil,  repairs  due  to  overheated  tubes  or  surfaces 
should  be  less  than  with  coal,  unless  the  feed  water  is  very 
bad. 

PRINCIPLES  INVOLVED  IN  EFFICIENT  OIL   BURNING 

4  The  requirements  for  the  perfect  combustion  of  liquid  fuel  are 
as  follows:  Reduction  to  a  fine  spray  or  corfiplete  atomization;  bringing 
it  into  contact  with  the  proper  amount  of  air;  mixture  of  oil  spray  and 
air  burned  in  a  furnace  of  a  refractory  material  with  room  enough 
to  complete  combustion  before  the  gases  come  in  contact  with  the 
boiler  heating  surfaces. 

5  The  first  condition  is  fulfilled  by  selecting  a  proper  burner, 
and  the  remaining  conditions  can  generally  be  obtained  by  making 
slight  changes  in,  or  additions  to,  the  existing  furnaces. 

6  The  question  whether  to  use  steam  or  air  for  atomizing  the  oil 
seems  generally  to  have  been  decided  in  favor  of  steam,  as  experi- 
mental results  show  that  it  takes  about  the  same  amount  of  steam 
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to  operate  the  air  compressor  as  it  does  to  atomize  the  oil  at  the  burner 
and  the  additional  investment  and  complication  involved  with  greater 
possibility  of  interrupted  service  is  avoided. 

7  It  is  also  easy  to  see  that  a  fiat  fan-shaped  flame  presents  a 
larger  surface  for  heat  radiation  and  uniform  distribution  of  gases  than 
a  flame  of  any  other  shape,  and  at  the  same  time  requires  a  minimmn 
number  of  burners  per  boiler. 

8  Heating  of  the  oil  is  an  aid  to  economical  combustion,  and 
should  take  place  as  near  the  furnace  as  possible  and  be  carried  as 
high  as  safety  permits,  but  not  so  high  as  to  cause  the  oil  to  decompose 
and  carbon  to  be  deposited  in  the  supply  pipes.  If  preliminary  heat- 
ing is  limited  to  the  temperature  of  the  flash  point  of  the  oil  used, 
there  can  be  no  trouble  from  the  above-mentioned  causes. 

9  In  oil  btuming,  although  a  certain  amount  of  skill  is  required 
for  hand  adjustment  of  the  burners  to  obtain  the  best  results,  still, 
with  automatic  regulation,  the  skill  is  reduced  to  a  minimum,  the 
principal  work  of  the  fireman  being  to  see  that  the  oil  pump  is  kept  in 
constant  operation  and  that  the  burners  do  not  become  clogged  with 
small  particles  of  foreign  matter,  scale,  etc.,  especially  when  the  in- 
stallation is  new.  Strainers  of  proper  design,  however,  introduced 
on  the  suction  line  to  the  pump  and  also  between  the  pump  and  the 
burner,  will  reduce  this  trouble  to  a  minimum.  Burners  should  be  so 
installed  that  they  can  be  easily  disconnected  from  the  piping  and 
taken  from  the  furnace  for  the  removal  of  any  foreign  substance 
from  their  restricted  orifices. 

10  One  of  the  most  important  questions  in  the  combustion  of 
liquid  fuel  is  the  regulation  of  the  air  supply  in  such  a  way  as  to  obtain 
perfect  combustion  before  the  gases  come  in  contact  with  the  heating 
surfaces  of  the  boiler.  This  can  be  done  with  an  automatic  damper 
regulator,  although  its  adjustment  is  rather  difficult.  It  is  therefore 
usually  accomplished  by  hand'regulation  of  the  damper  when  consider- 
able variations  in  the  load  take  place.  This  is  supplemented  by 
changing  the  position  of  the  ash-pit  doors,  which  are  kept  partly 
closed  until  a  slight  tendency  to  make  smoke  is  noticed  in  the  fiunace 
when  they  are  opened  until  this  tendency  disappears;  or,  better, 
by  using  an  Orsat  or  continuous  (X)«  gas  analyzer  to  determine  the 
position  of  damper  and  ash-pit  doors  which  gives  most  complete  com- 
bustion under  certain  constantly  recurring  conditions. 
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TYPES  OP  OIL  BURNERS 

^^  -AJthough  thousands  of  patents  have  been  granted  for  oil 
burners  or  atomizers  two  general  subdivisions  or  five  general  classes, 
as  desi^^nated  bjyr  the  U.  S.  Naval  Liquid  Fuel  Board,  cover  practically 
all  of  tl:^«  main  features  of  construction. 

12  *XlDe  two  general  subdivisions  are: 

ds  Outside  mixing.    Oil  and  atomizing  agent  meet  outside  the 

burner, 
b  InMe  mixing.    Oil  and  atomizing  agent  meet  inside  the 

burner. 

13  *irbe  five  general  classes  included  in  Par.  12  are: 
<z  Drooling.    Oil  oozes  out  onto  steam  or  air  jet. 

ci  Atomising.    Oil  is  swept  from  orifice  by  steam  or  air  jet. 
«  Chamber.    Oil  mingles  with  steam  or  air  in  body  of  burner 
and  the  mixture  issuing  from  nozzle  is  broken  into  minute 
particles  by  the  expansion  of  the  steam. 
J  Injector.   Similar  in  principle  to  boiler-feeding  injector. 
^  Mechanical  spraying.    Effected  by  mechanical  means  with- 
out the  use  of  atomizing  agents,  such  as  steam  or  com- 
pressed air. 
1^  "SZTie  important  features  which  should  be  embodied  in  all  burners 
^6*  E^asy  method  of  installation,  construction  that  will  allow  quick 
insp^^^'tion,  easy  removal  of  all  foreign  material  which  may  clog  the 
burn^x*  at  any  point,  and  rapid  and  cheap  renewal  of  anyparts  which 
are  s^-^loject  to  wear. 

METHOD   OF  INSTALLATION 

15        In  spite  of  the  various  principles  involved  in  burner  construc- 
tion, t.lie  success  of  an  oil  fuel  installation  depends  not  so  much  on  the 
type  of  burner  or  atomizer  used  as  on  the  method  of  its  installation, 
axid  tile  intelligence  with  which  it  is  operated  after  the  installation  is 

1^     To  conform  with  the  underwriters'    requirements,   storage 

tanks  above  the  surface  of  the  ground  should  be  placed  at  least  200 

ft.  from  inflammable  property,  and  the  top  of  the  tanks  should  be 

located  below  the  level  of  the  lowest  pipe  used  in  connection  with  the 

apparatus.    When  the  tanks  are  located  underground,  they  should  be 

outside  the  building,  at  least  2  ft.  below  the  surface  and  30  ft.  from 

any  building,  with  the  top  of  the  tanks  below  the  lowest  pipe  in  the 

building  used  in  connection  with  the  apparatus.  In  small  and  medium 
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sized  instaDationSi  steel  tanks  coated  with  tar,  having  a  capacity  of 
8500  to  15,000  gal.  each,  or  200  to  370  bbl.  of  42  gal.,  are  generally 
used  for  storage.  In  larger  installations,  reinforced  concrete  tanks, 
generally  rectangular  in  shape,  are  used.  These  are  usually  made 
with  a  partition  in  the  center,  so  that  any  sediment  or  thick  material 
may  be  periodically  cleaned  out  without  interfering  with  the  continu- 
ous supply  of  fuel.  The  capacity  of  the  storage  tanks  may  vary  from 
a  supply  sufficient  for  two  weeks,  when  the  oil  is  near  at  hand,  and 
more  may  be  obtained  on  one  day's  notice,  to  a  supply  sufficient  for 
two  or  three  months  when  the  source  of  supply  is  at  a  considerable 
distance  and  delivery  is  in  large  quantities  at  irr^ular  intervals. 

17  Storage  tanks  should  be  fitted  with  vent  pipes,  indicators 
showing  level  of  oil  in  tanks,  filling  pipes,  arrangements  for  freeing 
tanks  from  water,  suction  pipes,  return  or  overflow  pipes,  steam  pipes 
for  filling  space  in  tanks  above  oil  with  steam  in  case  of  fire,  and  suitable 
manholes  for  cleaning  out  purposes.  A  suitable  strainer  should  be 
installed  on  the  suction  line  between  the  storage  tanks  and  the  oil- 
pressure  pumps.  The  suction  line  should  slope  so  that  it  will  drain  all 
oil  back  to  the  storage  tanks  when  the  pump  is  stopped  and  a  vent 
opened. 

18  Duplicate  oil-pressure  pumps  should  be  installed  with  pump 
governors  and  all  piping  in  connection  with  these  pumps  should  be 
cross-connected  in  such  a  manner  that  a  change  can  be  made  from  one 
to  the  other  and  repairs  made  to  either  without  interrupting  the  service. 

19  A  suitable  oil  heater  should  be  installed,  so  that  the  exhaust 
steam  from  the  oil  pumps  can  be  utilized  to  heat  the  oil  before  it 
reaches  the  burners.  A  suitable  relief  valve  should  be  installed  on  the 
discharge  line  between  the  pumps  and  the  burners  set  at  a  definite 
maximum  oil  pressure. 

20  An  oil  meter  should  also  be  installed  in  the  discharge  line  to 
check  the  storage-tank  indicator  readings.  All  oil  piping  should  be 
installed  so  that  it  can  be  drained  back  to  the  storage  tanks  by  gravity 
in  case  of  necessity. 

21  Provision  should  be  made  for  removing  any  condensation 
from  the  steam  lines  to  the  burners.  Automatic  regulating  devices 
should  be  installed  to  vary  the  pressure  of  both  oil  and  steam  to  the 
burners  in  accordance  with  the  demand  for  steam  on  the  boilers,  thus 
keeping  a  uniform  steam  pressure  with  a  variable  load,  relieving  the 
fireman  of  constant  adjustment  of  burner  valves  and  enabling  him  to 
take  care  of  a  much  larger  capacity  of  boilers  than  he  otherwise 
could. 
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22  In  case  a  plant  is  operated  only  ten  hours  per  day,  no  steam 
being  required  for  the  rest  of  the  24  hours,  it  is  necessary  to  install  a 
small  auxiliary  boiler  for  the  purpose  of  providing  steam  to  atomize 
the  oil  while  firing  up  the  main  boilers.  In  case  of  horizontal  return 
tubular  or  Heine  boilers,  the  burners  should  be  placed  at  the  front, 
firing  towards  the  bridge  wall.  However,  in  the  case  of  boilers  of  the 
Babcock  and  Wilcox  type,  higher  efficiency  can  be  obtained  by  placing 
the  burners  at  the  bridge  wall  and  firing  towards  the  front  of  the  boiler. 

23  It  is  sometimes  an  advantage  to  be  able  to  change  quickly 
from  oil  to  coal  and  from  coal  to  oil.  This  arrangement  can  generally 
be  provided  for,  although  in  some  cases,  on  account  of  a  lack  of 
sufficient  combustion  chamber  space,  a  more  efficient  furnace  may  be 
installed  by  making  the  change  back  to  coal  a  somewhat  longer  proc- 
ess, requiring  the  insertion  of  bearer  bars  and  grate  bars,  which  would 
be  left  in  place  in  the  arrangement  first  referred  to. 

TESTS    OP    OIL-BURNING    BOILERS 

24  Table  2  gives  the  data  and  results  of  a  series  of  tests  recently 
made  by  The  Pacific  Light  and  Power  Company  at  their  plant,  Redon- 
do,  Cal.,  on  a  604-h.p.  Babcock  and  Wilcox  boiler  equipped  with 
Hammel  furnace  and  burners.  The  boiler  was  in  regular  service  and 
under  usual  plant  operating  conditions.  The  ash-pit  doors  were  wide 
open  during  all  tests.  The  tests  were  imder  the  direction  of  Frank 
T.  Clarke  of  the  power  company.  Six  of  the  tests  were  conducted 
on  six  consecutive  days.  The  boiler  used  for  testing  was  No.  1, 
in  battery  1,  erected  in  1906;  heating  surface,  6042  sq.  ft.  The 
oil  used  was  crude  from  the  Los  Angeles  fields,  the  calorific  value 
Deing  obtained  by  the  New  York  Testing  Laboratory,  Los  Angeles 
branch. 

26  It  will  be  noted  that  the  average  temperature  of  the  flue  gases 
is  435.5  deg.  fahr.  with  a  minimum  of  385.3  deg.  fahr.  at  72.7  per  cent 
of  rating,  and  a  maximum  of  537.5  deg.  fahr.  at  195.5  per  cent  of  rating. 
The  average  per  cent  of  COt  is  13.2,  and  excess  air  21.2  per  cent; 
steam  used  by  burners  2.15  per  cent.  The  highest  efficiency  obtained 
was  83.3  per  cent.  This  was  on  the  test  of  August  11,  while  running 
at  109.2  per  cent  of  the  builder's  rating,  and  the  water  evaporated 
per  pound  of  oil  from  and  at  212  deg.  fahr.,  corrected  for  moisture, 
was  15.81  lb.  The  average  efficiency  for  all  seven  tests,  running  from 
72.7  per  cent  up  to  195.5  per  cent  of  rating,  was  80.47  per  cent,  and 
the  average  evaporation  from  and  at  212  deg.  fahr.  was  15.23  lb. 
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26  In  Table  3  are  given  results  of  tests  made  at  the  Ravenswood 
plant  of  The  New  Amsterdam  Gas  Company,  Ravenswood,  N.  Y. 
These  tests  were  made  on  a  595-h.p.  Babcock  and  Wilcox  boiler, 
equipped  with  a  Peabody  furnace  and  four  No.  1  burners.  The  tests 
were  made  for  the  company  by  N.  E.  Lewis.  The  boiler  had  6946  sq. 
ft.  of  boiler  heating  surface,  and  841  sq.  ft.  of  superheating  surface. 


TABLE  a     GENERAL  DATA  AND  RESULTS  07 


Dat«  of  test,  1910 

Test  number. 

Duration  of  tost,  hours 

Steam  pieoBure,  lb 

Steam  temperature,  deg.  fahr 

Superheat,  deg.iahr 

Feed  water  temperature,  deg.  fahr.. 

Faetor  of  evaporation 

Average  water  level,  In 

Barometer,  In 

Temperature  boiler  room,  deg.  fahr. 
Temperature  flue  gaaes,  d^.  fahr... 

In  ash  pit 

Draft,  In.  <  In  furnace 

In  rear  pass 

Carbon  dioxide,  per  cent 

Oxygen,  per  cent 

Exoees  air,  per  cent 

Smoke 


Temperature  first  pass  above  third  tube,  deg.  fahr 

Temperature  top  first  pass,  deg.  fahr 

Temperature  top  second  pass,  deg.  fahr 

Tttnperature  bottom  second  pass,  deg.  fahr 

Temperature  bottom  third  pass,  deg.  fahr 

Total  water  actually  evaporated,  lb 

Total  water  evaporated  from  and  at  112  deg.  fahr.  .lb 

Water  evaporated  from  and  at  212  deg.  fahr.,  lb.  per  hr 

Steam  used  by  burners,  lb.  per  hr 

Steam  used  by  burners,  per  cent  of  total  steam 

Steam  pleasure  to  burners,  lb 

Oil  pressure  to  burners,  lb 

Temperature  of  oil  to  burner  line,  d^.  fahr 

Spedfio  gravity  of  oil  at  80  d^.  fahr 

Specific  gravity  of  oil,  Baum6,  at  60  deg.  fahr 

Moisture  In  oil,  per  cent 

Heat  value  of  oU  as  fired,  B.t.u 

Heat  value  of  oil  corrected,  B.t.u 

Total  oU  as  fired,  lb 

Total  oil  oorrected  for  moisture.  lb 

on  fired,  lb.  per  hr 

Oil  corrected,  lb.  per  hr 

Water  evaporated  from  and  at  212  deg.  fahr.  per  sq.  ft.  heating  surface,  lb. 

Boiler  horsepower  builder's  rating 

Boiler  horsepower  developed 

Per  cent  of  builder's  rating 

Water  evaporated  per  lb.  of  oil  fOlI  as  fired,  lb 

from  and  at  212  deg.  fahr \Corrected  for  moisture,  lb 

Boiler  efficiency,  per  cent 


Aug.  8 
1 
7 

184.t 

47S.t 

01.8 

M.f 

l.St7 

4 

20.07 
88.7 
885.8 

0.085 

0.01 

0.001 
IS.S 

8.6 

28.7 

None 

1100 

OiO 

570 

500 

450 

85706 

106002 

15150 

884 

1.54 
48.2 
11.4 
181.8 

0.9770 
18.8 

0.4 

18880 

18858 

0018 


8.58 

004 
4S9.S 
72.7 
15.85 
15.41 
81.1 
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The  fuel  used  was  a  low  grade  of  fuel  oil,  hardly  higher  in  heat  value 

^  gas-house  tar.    Attention  is  called  to  the  fact  that  only  1.43 

^  cent  and  1.54  per  cent  respectively  of  the  steam  generated 

^as  used  to  atomize  the  oil  in  the  burners.    The  two  series  of 

^^  show  the  results  that  can  be  obtained  with  good  oil-burning 

®9uipment  well  installed  and  properly  operated. 

^^^OK  OIL-BURNING  BOILER,  REDONDO,  GAL. 


1 

7 
^7.4 

7e.c 
1 

4 

30 
38. 

397. 

0 

0. 

0. 
».^ 

i. 

17. 
None 
109O 
940 
54(> 
50O 
450 

11198a 

13718S 
1950a 

441 
2. 

74 

IS.  ^ 

O 


\5.74 


Anc.  10 
3 
7 
186.0 
408.8 
80.0 
93.7 
1.333 
4 
30.00 
84.4 
400.1 
0.055 
0.026 
0.061 
13.3 
S.4 
18.5 
None 
1160 
700 
620 
520 
505 
120628 
150703 
32814 
540 
2.40 
90.7 
24.4 
133.5 
0.9763 
13.4 
0.45 
18131 
18313 
10323 
10276 
1474 
1467 
3.78 
604 
661.3 
109.4 
15.47 
15.64 
83.4 


Aug.  11 
4 
7 
184.7 
465.1 
83.7 
93.4 
1.329 
4 

30.09 
85.2 
406.2 
0.044 
0.014 
0.046 
14.3 
1.8 
10.6 
None 
1180 
680 
610 
510 
405 
129600 
159289 
22756 
549 
2.40 
102.6 
25.4 
142.3 
0.9770 
13.3 
0.4 
18353 
18326 
10115 
10075 
1445 
1439 
3.77 
604 
650.6 
109.2 
15.75 
15.81 
83.3 


Aug.  12 

Aug.  13 

1 

Sep.  5 

fAverage  of 

5 

6 

7 

\    slltetta 

7 

7 

7 

7 

183.5 

184.6 

184.9 

184.8 

473.8 

493.8 

526.7 

479.8 

93.0 

112.5 

144.3 

98.3 

90.8 

94.6 

101.2 

93.7 

1.237 

1.245 

1.250 

1.238 

4 

4 

4 

4 

30.08 

30.04 

29.68 

39.97 

87.3 

86.7 

84.4 

86.2 

420.0 

477.1 

537.5 

434.5 

0.071 

0.127 

0.330 

0.084 

0.060 

0.130 

0.188 

0.062 

0.133 

0.296 

0.471 

0.147 

14.2       ' 

13.3 

12.1 

13.2 

1.7 

8.8 

6.8 

3.1 

11.8 

18.5 

43.0 

21.2 

None 

None 

Light  haxe 

12.40 

1300 

1600 

1240 

780 

940 

1170 

793 

650 

740 

820 

650 

550 

600 

700 

554 

530       , 

570 

660 

523 

156622 

191290 

226558 

147351 

193741       ' 

238156 

285236 

182771 

27677 

34022 

40748 

26110 

1            624 

708 

873 

568 

2.25 

2.08 

2.13 

2.15 

120.4 

142.5 

167.6 

122.2 

38.3 

46.1 

61.6 

31.6 

140.1 

142.1 

141.7 

137.9 

0.9776 

0.9776 

0.0797 

0.9776 

13.2 

13.3 

13.0 

13.1 

0.8 

0.65 

0.6 

0.54 

18814 

18171 

17985 

18184 

18357 

18289 

18093 

18381 

12602 

16580 

20205 

12213 

13501 

16472 

20084 

12144 

1800 

2369 

2887 

1745 

1786 

2353 

2S69 

1735 

4.58 

5.63 

6.74 

4.32 

604 

604 

604 

604 

802.2 

986.2 

1181.0 

756.8 

183.8 

163.3 

195.5 

125.3 

15.37 

14.37 

14.12 

15.15 

15.49 

14.46 

14.20 

15.23 

81.5 

76.4 

75.8 

80.47 
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RELATIVE    COST    OF    OIL    AND    COAL 

27    A  tabulation  could  be  made  showing  the  number  of  barrels  of 
oil  equivalent  to  a  ton  of  coal  of  varying  calorific  value,  but  this  would 


TABLE  3     GENERAL  DATA  AND  RESULTS  ON  TESTS  ON  OIL-BURNING  BOILER. 

RAVENSWOOD,   N.   Y. 


Number  of  teat 

Date  of  test.  1M7 

Duration  of  test,  boura 

Steam  for  atomlilng,  superheated  or  saturated 

Steam  preflsure  by  gage,  lb 

Temperature  of  feed  water,  deg.  fahr 

Degrees  of  superheat,  deg.  fahr 

Factor  of  evaporation 

Total  oU  burned,  lb 

Oil  burned  per  hour,  lb 

Total  water  evaporated,  lb 

Total  water  evaporated  from  and  at  212  deg.  fahr.,  lb 

Water  evaporated  per  hour  from  and  at  212  deg.  fahr.,  lb 

Draft,  boiler  side  of  damper.  In 

Draft  In  furnace,  In 

Temperature  waste  gases  in  flue,  deg.  fahr 

Temperature  air  In  boUer  room,  deg.  fahr 

Temperature  oil  at  burners,  deg.  fahr 

Carbon  dioxide,  per  cent 

Flue  gas  analyses    '  Oxygen,  per  cent 

.Carbon  monoxide,  iter  cent 

Water  evaporated  per  sq.  ft.  boiler  heating  surface  per  hour  from  and  at 

212  deg.  fahr.,  lb 

Water  evaporated  per  sq.  ft.  total  heating  surface  per  hour  from  and  at 

212  deg.  fahr..  lb 

Water  evaporated  from  and  at  212  d^.  fahr.  per  lb.  of  oil 

Horsepower  developed 

Per  cent  of  rated  capacity  developed 

Steam  used  by  burners  per  hour,  lb 

Per  cent  of  steam  generated  used  by  burners 

Net  water  evaporated  from  and  at  212  deg.  fahr.  per  lb.  of  oil  (allowing  for 

steam  used  by  burners) 

B.t.u.  per  lb.  of  oil 

Efficiency  based  on  gross  evaporation 


4760 

4761 

July  2 

July  t 

5 

4 

Saturated 

Saturated 

145 

142 

132.4 

119.6 

85 

88 

1.1750 

1.1868 

8278 

6687 

i         1655 

1678 

10154A 

82317 

110317 

976M 

r      238«3 

24483 

0.29 

0.39 

0.16 

0.16 

488 

488 

1           80 

88 

07 

97 

1       13.14 

13.26 

!         5.20 

6.16 

0 

0 

4.01 

4.11 

8.52 

3.60 

14.42 

14.61 

601.7 

707.9 

116.2 

118.0 

340 

877 

1.43 

1.54 

14.21 

14.38 

17733 

17486 

78.53 

80.97 

be  of  very  little  practical  value  taken  alone,  for  the  reason  that  the 
efficiency  of  a  boiler  using  oil  fuel  would  be  from  5  per  cent  to  15  per 
cent  higher  than  when  using  coal,  due  to  more  perfect  combustion 
with  oil.  The  gain  in  efficiency  would  vary  with  the  size  of  the  boilers, 
character  of  furnaces  and  other  eciuipment,  intelligence  of  firemen, 
etc. 

28    Although  a  fair  idea  may  be  obtained  of  the  comparative  cost 
of  the  two  fuels   by  making  certain  assumptions  in  regard  to  heat 
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values,  specific  gravity,  gain  in  efficiency,  etc.,  still  this  will  not  en- 
able one  to  figure  the  sa\dng  which  could  be  made  by  changing  from 
one  fuel  to  the  other.    The  reason  for  this  is  that  the  saving  generally 
depends  on  other  things  than  the  cost  of  the  fuel.    The  saving  in  fire- 
men and  coal  passers,  increase  in  capacity,  facilities  for  fuel  storage, 
advantage  of  pumping  fuel  over  methods  of  handling  coal,  elimina- 
tion of  handling  ashes,  quantity  of  coal  used  for  hanking  fires,  elimi- 
nation of  smoke  and  other  things,  many  of  which  cannot  be  figured  out 
in  advance  in  dollars  and  cents,  would  throw  the  ultimate  cost  decid- 
edly in  favor  of  oil.    The  only  way  to  determine  the  exact  saving  is 
to  operate  the  plant  with  each  fuel  for  a  long  enough  period  to  get 
accurate  data  on  all  the  items  entering  into  the  question. 

29    The  writer  also  beUeves  that  the  success  of  any  oil-fuel  installa- 
tion depends  less  on  the  type  of  burner  or  atomizer  used  than  on  the 
general  efficiency  of  the  entire  installation  and  the  intelligence  with 
which  it  is  operated  after  the  installation  is  made.    Therefore,  the  work 
of  designing  and  constructing  such  installations  should  be  entrusted 
only  to  those  having  had  extended  practical  experience  in  burning  oil 
fuel  and  the  operation  of  these  installations  should  not  be  given  to 
unskilled  labor,  for,  in  order  to  obtain  the  economic  results  possible 
from  the  use  of  oil  fuel,  it  will  be  necessary  to  employ  men  of  intelli- 
gence and  skill  as  firemen. 


APPENDIX  No.  1 

30  A  few  typical  burners  representative  of  the  subdivisions  and  classes 
mentioned  in  Par.  11  are  shown  in  Figs.  1-13.  Although  these  cover  only  a  few 
of  the  burners  and  furnaces  now  in  use  in  this  country,  not  to  mention  the  large 
number  of  systems  of  oil  burning,  the  writer  believes  that  they  are  sufficiently 
typical  to  show  the  general  principles  involved,  which  is  all  he  can  attempt  in 
this  paper.  The  author  is  responsible  for  the  general  classification  given  in  the 
case  of  each  burner,  but  the  details  of  construction  and  operation  are  as  given 
by  the  manufacturers  in  their  descriptive  literature: 

Fig.  1  Peabody  No.  1.  Outside  mixing.  Drooling.  Fan-shaped  flame. 
Spraying  from  sharp  edge.  The  cut  shows  clearly  the  details  of  construction, 
including  oil  strainer,  steam  by-pass  for  blowing  out  oil  passages,  oil  pipe 
jacketed  by  steam  and  removable  burner  tip. 

31  This  tip  contains  two  very  narrow  slots  separated  by  a  diaphragm,  the 
lower  slot  for  steam  and  the  upper  for  oil.  The  oil  falb  at  right  angles  upon  the 
steam  jet  which  atomizes  it  and  the  oil  is  burned  in  a  fan-shaped  flame.  It  will 
be  noted  that  the  tip  is  held  in  position  by  a  single  bolt  so  that  it  can  be  readily 
cleaned  if  necessary.  The  mixing  or  atomising  is  done  entirely  outside  the 
burner.  This  style  is  for  use  in  connection  with  the  Peabody  furnace,  in  which 
the  burner  tip  is  located  at  the  bridge  wall  and  the  flame  projected  towards  the 
front  of  the  boiler. 

Fig.  2  Peabody  No.  2.  Similar  to  Peabody  No.  1  except  that  it  is  designed  to 
be  placed  at  the  front  of  the  boiler  and  to  project  the  flame  toward  the  bridge 
wall  in  the  ordinary  manner. 

Fig.  3  W.  N.  Best  high-pressure  oil  burner.  Outside  mixing.  Atomising. 
Long  slot.  Spraying  from  sharp  edge.  The  air  or  steam  meets  the  oil  at  right 
angles,  thus  atomizing  it  externally.  Either  a  long  narrow  flame  or  a  fan-shaped 
flame  can  be  provided  as  required. 

Fig.  4  W.  N.  Best  oil  burner  with  piping  connections.  Same  as  Fig.  3,  except 
fitted  with  piping  of  suflicient  length  to  go  through  the  front  setting  of  boiler. 
By-pass  is  provided  for  blowing  out  any  foreign  substance  that  enters  the  oil 
pipes.  The  atomizer  lip  is  hinged  and  means  provided  for  raising  the  lip  for 
blowing-out  purposes  without  removing  the  burner  from  the  boiler. 

Fig.  5  Gem  oil  burner.  Outside  mixing.  Drooling.  Rose-shaped  orifice. 
Spraying  aided  by  centrifugal  action  from  internal  screw  and  cone.  Oil  heated 
by  atomizing  steam  on  the  way  to  burner  tip  as  it  surrounds  oil  pipe. 

Fig.  6  Gilbert  and  Barker  oil  burner.  Outside  i^ixing.  Drooling  Rose- 
shaped  orifice.  Spraying  aided  by  slight  centrifugal  action  from  internal  helix. 
Adapted  for  use  where  very  heavy  consumption  of  oil  is  required,  such  as  heavy 
metallurgical  operations,  brick  kilns,  etc. 
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Fia.  3    W.  N.  Best  Hioh-Prbssure  Oil  Busker 


Fia.  4     W.  N.  Best  Hioh-Prkbbcrb  Oil  Burnbr  with  Piping  ConNKcrrioit 


Fio.  fi    Gnu  Oil  Bvbmeb 
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Fig.  7    Kockwell  high-preaaure  oil  burner.     Outside  mixing. 
Steam  or  air  and  oil  nosilea  removable  for  oleaning-out  purpoaee.    Steam  oi 
air  noule  outside  of  oil  noaile.    Adapted  for  light  or  heavy  work. 


FlO.  6     GiLBBBT  AND  BabKBR  Ol 


Fio.  7    Rooxmu.  HiaB-PsBSSuB>  Oil  BaaNXB 


Fig.  8  Hsmmel  oil  buirm.  Inride  mixing.  Chamber  and  atwuising.  Lung 
slot.  Spraying  from  aharp  edge.  All  parts  are  named  in  the  euti.  Oil  entan 
at  A  and  fiowa  through  D  into  mixing  and  atomiiing  chamber  C;  steam  eatm 
at  S  passes  tJtrough^,£  and  then  through  three  small  slots,  (riff  and  f  into  mix- 
ing chamber  C,  where  it  meets  the  oil.  The  small  steam  jets  break  up  tha  oil 
in  the  mixing  chamber  and  themixtureisready  for  ignition  as  it  issuea  from  the 
fan-shaped  orifioe.  This  orifice  is  provided  with  removable  steel  platee,  whioh 
ean  be  replaced  eaaily  in  case  of  wear. 
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Fig.9  KirkwoodoUbomer.  Inside mizinK.  Injeotor.  Rose-shftped orifice. 
Sprftying  from  oLarp  edge.  Both  oil  uid  steam  valves  seat  at  tip  of  the  burner 
and  are  equipped  with  indexes  showing  the  amount  of  oil  snd  steam  turned  on. 
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View  wltb  Bottom  Bemored. 


A  Onfioa  for  Oil  Supply  Plp«.  B  OHflo*  tor  Bteom  Bupply  Pipe.  C  Uuiai  or  Atomtilnc 
Chunbsr.  D  Od  Inlet  Duat.  S  EqiulMof  Steun  ChHmber.  I*  Stetun  Entnoos.  O.B.I 
Steun  Dueta.  J  Set  Sonir  faoldlnc  Plate.  K  Remonble  Btsel  Plstei.  X  By-Fua  or 
Blow-Out  TelTe, 


In  another  style  of  this  burner  one  lever  co 
■teftin  necessary  for  atomiiing,  the  proportio 
factory. 


itrola  both  the  oil  supply  and  the 
I  being  fixed  before  shipment  from 
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Fig.  10    Improved  Little  Giant  oil  burner.     Inside  mixing.     Chamber. 
Double  long  slot.    Spraying  from  sharp  edges.    Oil  pipe  surrounded  by  steam 


(  (  t    ^  ^^ 


FiQ.  10    Impboybd  Little  Giant  Oil  Burner 


steam 


FiQ.  11    Texas  Oil  Burner 
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which  enters  mixing  chamber  near  tip.  A  separating  diaphragm  Cftfisef)  an 
equAl  amount  of  the  mixture  of  oil  and  steam  to  issue  from  eachopeninffid  t^e 
tip.    A  special  non-clogging  oil  valve  is  used. 

Fig.  11    Texas  oil  burner.    Inside  minng.     Chamber.     Fan-shaped  flame- 
Spraying  aided  by  centrifugal  action  from  internal  screw.    As  the  oil  flows  into 
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tttajTatge  mixing  oliamber  it  is  picked  up  by  the  Btetun  to  wiiich  rotary  motion  hu 

,neeD*im parted  by  a  short  heli^i  in  the  stetun  passage  just  back  of  the  oil  iolot. 

'.fllB  mixture  then  puses  along  the  chamber  through  a  spiral  paaaoge  ocoupying 

,  'about  one-half  of  its  length  which  sets  up  a  strong  centrifugal  action  bo  that  the 

■,'oil  ie  thoroughly  atomized  and  vaporiied  when  it  issues  from  the  fau-flhapsd 

orificeinttaesmallchamberat  the  tip  of  the  burner.  This  orifice  is  mad«  to  pv4 

any  width  of  flame  required  and  the  tip  is  easily  renewable  in  case  of  wear. 

Pig.  12  Koerting  oil  burner.    Mechanical  spraying  by  pressure  and  centrifa- 

gal  action  from  internal  screw.    Oil  is  delivered  to  the  burner  under  suffioiant 

pressure  to  break  it  up  into  a  conical  spray  with  the  aid  of  spiral  bladea  which 

set  up  a  strong  centrifugal  action  and  a  central  cone  at  the  tip  which  helps  to 

maintain  the  centrifugal  effect  until  the  oil  issues  from  the  orifice.    By  loosen- 
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ing  the  damp  screw  and  throwing  it  into  the  dotted  position  shown,  all  vorUiig 
parts  of  the  burner  are  quickly  removable  for  examination  or  cleaning.  Th«  aup- 
ply  of  air  is  introduced  through  adjustable  openings  shown  in  the  out  wo  thst  it 
will  impinge  directly  on  the  spray  of  oil  thus  effecting  immediate  oombustioD. 
The  fact  that  this  burner  requires  neither  steam  nor  compressed  sir  for  atomis- 
ing makes  it  especially  desirable  for  marine  and  naval  boilers  where  f rash  wator 
for  boiler  feed  make-up  purposes  is  expensive. 

Fig.  13    Feabody  furnace  for  liquid  fuel.     E.  H.  Peabody  of  Um  Baboook 
and  Wiloos  Company,  while  making  an  exhaustive  study  several  yeari  afo  of 


B.    R.    T.   COLLINS  103 

BMthods  of  burning  oil  under  water-tube  boilers,  dieoovered  that  by  placing 
thebnmen  at  the  bridge  wall  and  projecting  the  flame  toward  the  boiler  front 
i  luge  gain  in  efficiency  and  capacity  could  be  made.  This  gain  is  due  to  the 
tiwroogh  distribution  of  the  flame  through  the  furnace  and  Uie  complete  com- 
boition  of  the  gases  before  coming  into  contact  with  the  boiler  tubes  as  well  as 
theeoDsequent  improved  utilisation  of  the  entire  heating  surface  in  the  first 
pan  of  the  boiler.  All  details  of  the  fxumace  are  clearly  shown  in  the  cut,  in- 
diiding  extension  of  furnace  towards  the  rear  of  the  boiler,  arrangement  of  air 
openings,  method  of  supporting  burners  and  inserting  them  through  special 
slide  ways  supported  on  the  bearing  bars  which  hold  the  floor  of  the  furnace. 

32  The  Hammel  furnace,  used  in  the  tests  in  Table  2,  is  based  on  the  Peabody 
patent  fomaoe  (Fig.  13)  with  the  addition  of  a  slot  in  the  bridge  wall  in  which 
the  burner  is  placed  for  protection  from  the  heat  and  a  separate  air  tunnel 
toeaeh  burner  so  that  one  or  more  burners  may  be  extinguished  and  their  air 
npply  entirely  shut  off,  thus  maintaining  the  efficiency  of  the  burners  still  in 


DISCUSSION 

E.  H.  PflABODT  judged  that  the  reference  to  the  steam  con- 
sumption of  the  oil  burners,  in  Par.  24,  pertained  to  the  tests  made 
by  N.  E.  Lewis  at  the  Ravenswood  works  of  the  New  Amsterdam 
Cias  Company,  the  results  of  which  are  given  in  Table  3.  These  tests 
were  twomddental  runs  made  in  a  series  of  experimental  tests  mainly 
with  gas-house  tar  as  fuel.  It  was  not  expected  that  they  would 
achieve  the  distinction  of  appearing  in  the  proceedings  of  the  Society, 
andwhile  very  good  tests,  they  should  not  be  taken  as  a  fair  com- 
pwiwn  of  results  obtained  with  Hammel  burners,  as  their  proximity 
to  Table  2  of  the  paper  would  seem  to  indicate. 

M.  H.  Bbonsdon^  stated  that  every  one  of  the  tests  of  crude  or 
fuel  oil  made  for  him  by  Professor  O'Neill  at  the  University  of  Cali- 
fomia  showed  the  same  calorific  value  (practically),  regardless  of  its 
^P^c  gravity  or  whether  or  not  the  gasolene  had  been  removed. 
The  more  fluid  the  oils,  the  less  troublesome  they  were,  as  they  re- 
^Pred  a  much  lower  pressure  to  send  them  through  the  piping;  and 
where  the  specific  gravity  is  17  deg.  Baum^,  or  lighter,  at  60  deg. 
fahr.,  no  wanning  d.uring  the  pumping  process  was  necessary. 

The  use  of  fuel  oil  removes  one  of  the  most  important  and  expensive 
items  of  power  plant  operation  from  the  hands  of  unskilled  labor  (i.e., 
the  ordinary  fireman),  and  places  it  upon  an  efficient  basis,  as  with 
proper  installation  economical  operation  is  dependent  only  upon  reli- 
able and  very  simple  mechanism. 

^ Qiief  Engineer,  The  Rhode  Island  Co.,  Providence,  R.  1. 


104  OIL    FUEL   FOR    STEAM    BOILERS 

Where  oil  is  used  for  fuel,  perfect  combustion  may  be  obtained 
under  all  conditions  of  load  with  proper  installation,  excepting  when 
the  fires  are  first  lighted  and  the  brick  work  is  comparatively  cold. 
Boiler  settings  and  boiler  tubes  last  much  longer  with  fuel  oil  than 
with  coal,  provided  the  tubes  are  kept  clean. 

The  impression  should  not  be  given,  as  in  Par.  2,  that  by  chang- 
ing from  coal  to  fuel  oil  the  capacity  of  any  boiler  plant  can  be 
increased  to  from  35  to  50  per  cent.  In  boiler  plants  with  sufficient 
draft  to  bum  large  quantities  of  coal,  or  where  the  evaporation  can  be 
made  to  exceed,  say  7  lb.  of  water  per  sq.  ft.  of  heating  surface,  fuel 
oil  will  not  increase  the  capacity  35  to  50  per  cent. 

His  experience  led  him  to  favor  burners  of  the  type  known  as 
"outside  mixers,"  i.e.,  where  the  oil  and  steam  mix  just  beyond  the 
tip  of  the  burner.  Carbon  seldom  causes  trouble  with  burners  of  this 
type,  even  where  the  oil  is  quite  hot  before  it  reaches  the  burner. 
There  seems  to  be  no  practical  difference  in  the  efficiency,  however, 
in  the  use  of  either  inside  or  outside  mixer  burners. 

Comparing  the  cost  of  fuel  oil  with  coal,  we  should  consider,  first, 
the  cost  of  coal  alongside,  plus  discharging  costs,  plus  conveyor  costs, 
plus  the  cost  of  removing  ashes;  second,  the  B.t.u.  per  ton  of  coal. 
In  New  England  at  tidewater,  the  cost  of  coal,  and  the  discharging 
and  conveying  costs  and  the  removal  of  ashes  approximate  S3.50 
per  ton,  varying  from  year  to  year.  One  ton  of  bituminous  coal  con- 
tains approximately  33,000,000  B.t.u.  and  we  should  buy  33,000,000 
B.t.u.  in  fuel  oil  for  approximately  $3.50;  i.e.,  33,000,000  B.t.u.  equals 

1774  1b $3.50 

224  gal 3.50 

1  gal 0.0156 

1  bbl 0 .  65 

These  figures  will  be  slightly  reduced  if  credit  is  given  for  minor 
economies  resulting  from  the  use  of  oil,  but  they  are  amply  accurate 
for  general  use. 

D.  S.  Jacobus  said  that  the  efficiency  results  given  in  Table  2, 
secured  in  tests  on  an  oil-burning  boiler  at  Redondo,  Cal.,  represented 
good  practice.  As  good  and  slightly  better  results,  were  secured  in 
tests  OD  one  of  the  boilers  at  the  same  plant  preparatory  to  making  a 
test  of  the  plant.  The  plant  tests,  already  reported  to  the  Society, 
indicated  that  a  kilowatt-hour  was  turned  out  at  the  switchboard 
for  each  25,000  B.t.u.  contained  in  the  fuel  oil.    In  these  tests  the 
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[fltandard  form  of  Peabody  furnace  was  employed  with  burners  of 
the  outside  mixer  type. 

^.  S.  F.  McIntosh^  believed  that  there  was  little  choice  between 
the  two  when  figuring  on  oil  at  $0.03  a  gallon  and  coal  at  %5  a  ton 
delivered  in  the  boiler  house  on  the  B.t.u.  basis.  At  the  plant  of  the 
American  Optical  Company,  Diesel  engines  were  installed,  and  as 
more  or  less  oil  equipment  was  required  for  their  operation,  it  was 
decided  to  try  oil  under  the  boilers.  It  has  worked  almost  perfectly 
and  there  has  been  no  trouble  whatsoever.  Its  advantages  in  the 
way  of  ease  of  operation,  cleanliness,  efficient  combustion,  etc.,  appeal 
to  them  strongly.  It  should  be  noted,  however,  that  a  slight  increase 
in  the  price  of  oil  would  offset  the  saving  of  labor  through  its  use. 
Taking  the  statement  of  the  author  that  one  man  can  handle  four 
500-h.p.  boilers  under  which  oil  is  used,  where  four  men  would  be 
required  if  coal  were  used,  and  assuming  the  saving  in  labor  to  be 
80  cents  an  hour,  an  increase  of  iV  cent  in  the  price  of  oil  would 
entirely  offset  the  saving  in  labor. 

B.  R.  T.  Collins  referred  to  the  fact  that  Mr.  Bronsdon  had  had 
his  experience  with  fuel  oil  in  California,  where  the  crude  oil  is  quite 
different  from  the  residue  from  Texas,  which  would  alter  his  conclu- 
sions somewhat.  The  reason  for  more  complete  combustion  referred 
to  by  Mr.  Mcintosh  is  that  there  is  no  loss  in  burning  oil  such  as 
occurs  in  burning  coal,  at  the  period  just  after  the  coal  is  fired,  espe- 
cially with  hand  firing.  At  that  time  a  large  quantity  of  hydro- 
carbons are  only  partly  consumed.  It  therefore  stands  to  reason  that 
an  oil-burning  equipment  should  be  more  efficient.  There  are  more 
heat  units  of  the  oil  utiUzed  in  producing  steam  than  of  the  coal  in 
an  ordinary  coal-burning  installation. 

C.  F.  DnJTZ  said  that  the  two  methods  used  for  atomizing  oil  call 
either  for  steam  or  air  and  it  would  appear  that  the  steam  blast 
might  have  advantages  over  the  air  blast  in  the  way  of  flame  temper- 
ature and  the  consequent  effect  upon  the  surfaces  where  the  flame 
impinges.  He  was  not  aware  of  the  existence  of  any  data  regarding 
the  effect  of  the  dissociation  of  steam  on  the  temperature  of  the  flame, 
nor  did  he  know  whether  the  reverse  action  would  take  place  almost 
immediately  so  that  the  heat  taken  up  by  the  dissociation  of  the 

'American  Optical  Co.,  Southbridge,  Mass. 
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water  would  be  partly  returned  to  the  boiler  as  useful  energy.  For 
the  purpose  of  reviewing  the  chemistry  and  physics  of  the  subject, 
he  presented  calculations  indicating  to  him  that  the  steam  after 
dissociation  must  necessarily  be  burned  back  to  water  at  a  point  in 
the  boiler  where  the  heat  thus  produced  from  the  exothermic  reaction  is 
realized.^ 

J.  C.  RiLBT  called  attention  to  the  fact  that  the  flame  from  an  oil 
burner  is  much  like  that  from  a  blast  lamp;  its  very  high  temperature 
is  localised  over  so  small  an  area  that  the  metal  of  the  boiler  must  be 
protected  from  it,  whether  the  atomisation  is  by  steam  or  air.  He 
had  measured  some  temperatures  in  the  furnaces  of  Scotch  boilers 
with  burners  fired  by  both  air  and  steam  atomisation.  The  furnaces 
were  of  the  usual  corrugated  cylindrical  type,  opening  into  separate 
combustion  chambers  at  the  back.  Each  had  a  complete  ring  of 
fire-brick  lining  which  extended  about  4  ft.  back,  and  another  ring 
in  front  of  and  around  the  saddle  seams  where  they  entered  the  com- 
bustion chambers.  There  was  also  a  layer  of  fire  brick  along  the 
bottom,  between  the  two  rings,  and  one  burner  in  each  furnace, 
placed  just  above  the  axis  and  terminating  about  a  foot  back  of  the 
tube  sheet. 

On  lookmg  in  at  the  front,  the  burner  could  be  seen  to  spread  the 
flame  in  a  cone  of  about  80  deg.  total  angle,  striking  on  the  ring  of 
brick.  Apparently  it  was  hottest  right  where  it  struck.  With  the 
steam  burners,  the  flame  was  so  dazzling  that  it  was  quite  impossible 
to  see  beyond  the  surface  of  the  cone.  With  the  air  burners  clean 
and  properly  adjusted,  the  flame  was  yellower  and  not  so  bright;  a 
little  practice  enabled  one  to  see  through  the  cone,  even  into  the 
combustion  chamber,  and  it  appeared  that  the  whole  furnace  was 
filled  with  a  long,  transparent  yellow  flame.  With  the  air  burners 
partially  clogged  with  carbon,  or  not  properly  adjusted  for  air  supply, 
the  flame  was  irregular  and  smoky;  drops  of  oil  could  be  seen  spat- 
tering on  the  furnace  walls. 

It  was  found  that  with  an  air  burner  just  cleaned  and  in  best 
condition,  the  temperature  throughout  the  furnace,  from  the  burner 
back  into  the  combustion  chamber,  was  remarkably  uniform,  and 
that  it  averaged  about  2250  deg.  fahr.  It  was  hottest  at  the  axis 
of  the  furnace,  a  foot  or  two  in  front  of  the  burner,  and  not  where 
the  cone  of  flame  struck  the  brick  lining.  After  several  hours  use 
without  cleaning,  the  ab  burner  gradually  clogged  with  carbon  until 
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the  mean  temperature  dropped  to  less  than  1500  deg.,  in  which  case 
the  front  of  the  furnace  was  comparatively  cool  and  the  highest 
temperature  was  in  the  combustion  chamber.  The  steam  burner 
never  clogged  with  carbon,  but  its  temperature  was  not  so  uniformly 
distribute  as  that  for  air.  In  the  axis  of  the  furnace  it  dropped 
from  more  than  2400,  just  beyond  the  burner,  to  less  than  2000  in 
the  combustion  chamber.  It  was  extremely  hot  where  the  cone  of 
flame  struck  the  brick  along  the  bottom;  one  observation  gave  more 
than  2500  deg.,  a  temperature  which  destroyed  a  quartz  tube  of  the 
pyrometer. 

The  necessity  for  protecting  the  metal  of  a  boiler  from  dbect 
oontact  with  the  hottest  point  of  flame  is  apparent  to  any  one  who 
has  seen  the  flame  marks  which  are  sometimes  burned  in  by  careless 
firing.  Burning  of  the  steel  is  most  likely  to  occur  when  the  oil  fuel 
contains  much  sulphur.  It  is  also  likely  to  occur  when  for  any 
reason  the  rate  of  heat  conduction  is  slow  or  the  circulation  is  not 
active. 

For  burning  oil  it  is  especially  desirable  that  the  fireman  should  be 
a  man  of  intelligence  and  good  judgment.  A  few  minutes  of  neglect 
or  carelessness  may  injure  the  boiler  seriously.  When  everything  is 
operating  well  and  the  burners  properly  adjusted,  a  slug  of  water 
niay  come  along  with  the  fuel  and  put  the  flame  out.  To  be  sure  it 
ought  not  be  there,  for  the  suction  pipe  of  the  fuel  pump  is  floated 
near  the  surface  of  the  oil  in  the  supply  tank,  to  guard  particularly 
Ag^ttnst  this  happening.  But  sometimes  the  thing  which  cannot 
happen  does  occur,  and  the  flame  goes  out.  Then  when  the  next  oil 
P^SBes  the  burner,  if  there  are  other  biuners  still  lighted  in  the  same 
fumace,  or  if  the  brick  target  is  still  hot  enough  to  ignite  the  oil 
"^stantly  upon  contact,  no  harm  is  done;  but  if  the  oil  does  not  light, 
wid  if  the  fireman  does  not  notice  the  fact,  there  is  great  danger  of 
aD  explosion,  or  at  least  a  fire. 
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THE  ECONOMIC  IMPORTANCE  OF  THE  FARM 

TRACTOR 

By  L.  W.  Ellis,  1  La  Pobtb,  Ind. 
Non-Member 

The  lack  of  power  for  plowing  and  harvesting  is  the  tremendous 
obstacle  to  the  sudden  expansion  into  virgin  fields  of  our  productive 
wea.    The  shallow  plowing  now  generally  practised  consumes  60 
P^  cent  of  the  total  power  expended  in  raising  and  harvesting  the 
^heat  crop,  even  on  old  land.    Deeper  plowing  to  secure  maximum 
yields  sharpens  the  necessity  for  power  in  the  brief  plowing  season. 
The  slow  process  of  animal  reproduction  cannot  respond  quickly 
enough,  and  the  price  of  horses  has  increased  143  per  cent  in  ten 
years  in  spite  of  a  50  per  cent  increase  in  the  supply.      Today  in 
Canada,  where  great  added  power  is  imperative,  horses  can  be  pur- 
chased only  in  limited  numbers.    Even  the  United  States  Depart- 
ment of  Agriculture  cannot  find  an  adequate  supply  of  brood  mares 
'of  ttie  future  needs  of  the  New  South.    Increased  production  can- 
'lot  Safely  depend  on  animal  power. 

2  Nor  is  production  the  only  consideration.  Fifteen  million 
worlc  animals,  and  the  10,000,000  more  to  keep  up  the  supply,  scarcely 
develop  sufficient  power  for  present  farm  purposes.  Their  feed 
alone  costs  $1,250,000,000  per  year,  equalling  the  total  income  of 
2,000,000  average  families.  Thus  the  crops  from  one  acre  in  five 
are  withheld  from  supplying  human  needs  by  the  use  of  animals 
for  farm  power. 

^     The  farm  tractor  is  the  solution  of  the  immediate  problem. 

It  does  not  age  nor  deteriorate  when  idle  and  requires  neither  fuel  nor 

attendance  when  not  at  work.     The  time  spent  annually  in  caring 

for  a  horse  will  keep  the  tractor  in  perfect  working  condition.     It 

*  Traction  Plowing  Specialist,  M.  Rumely  Co. 

Published  in  abstract  form.  Presented  at  the  New  York  Meeting,  April 
1911,  of  The  American  Society  of  Mechanical  Engineers.  The  complete 
paper  appeared  in  The  Journal  for  Marcli  1910. 
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will  endure  heavy  work  24  hours  a  day  instead  of  6  and  outlive  the 
average  work  animal  in  hours  of  service.  It  occupies  less  floor  space 
than  two  wagons,  and  with  a  year's  fuel  supply  may  be  sheltered  in 
a  building  a  tenth  the  size  and  cost  required  to  house  and  maintain 
horses  of  equal  power.  Efficient  farm  labor  grows  increasingly  scarce. 
The  tractor  concentrates  in  one  man's  hands  the  power  of  25  horses 
and  the  endurance  of  100,  and  adds  two-fold  to  the  acres  he  can 
cultivate. 

4  As  regards  power,  at  points  distant  from  the  refineries  and 
close  to  the  coal  fields  steam  engines  may  have  the  advantage  of  the 
internal-combustion  type.  In  the  nearer  West  the  latter  have  come 
into  use  with  a  swiftness  that  is  amazing  when  one  considers  that 
the  first  one  to  prove  successful  was  launched  only  about  eight  years 
ago.  Their  economy  in  small  sizes,  their  convenience,  safety  around 
buildings,  and  the  fact  that  operators  are  not  usually  required  to 
hold  licenses,  commend  them  strongly.  Wonderful  tank  wagon 
service  now  brings  fuel  for  the  oil-buming  engine  direct  to  the  farm 
at  wholesale  prices,  an  engine  often  yielding  as  great  a  profit  to  the 
refiner  as  a  town  of  600  inhabitants. 

5  To  date,  no  kerosene-burning  tractor  has  achieved  the  thermal 
efficiency  secured  by  the  foremost  gasolene  tractors,  but  in  all  except 
the  most  remote  districts  the  wide  and  growing  disparity  in  fuel  cost 
gives  the  former  a  marked  commercial  advantage. 

6  The  data  which  I  have  on  the  performance  of  tractors  are 
largely  from  two  sources,  the  agricultural  motor  competitions  which 
have  been  held  at  Winnipeg  and  Brandon,  Manitoba,  and  investi- 
gations which  I  conducted  among  every-day  operators  in  connection 
with  the  United  States  Department  of  Agriculture.  The  former  should 
be  thoroughly  reliable,  but  in  some  cases  are  open  to  doubt,  the  tests 
having  been  conducted  hastily  and  without  adequate  facilities.  The 
latter  source  is  reliable  only  in  that  it  averages  the  testimony  of  a 
large  number  of  operators,  few  of  whom  had  exact  records.  The 
tests  conducted  in  the  four  motor  competitions  have  been  on  the  brake, 
first  for  economy,  then  for  maximum  power;  in  plowing,  over  firm, 
level  prairie  sod;  and  in  hauling,  over  a  half-mile  circuit  which  pre- 
sented almost  every  possible  road  condition  from  block  pavement 
to  loose  gravel  and  mud.  The  various  averages  hereinafter  presented 
are  offered  merely  as  a  basis  for  rough  comparison  with  the  per- 
formance of  motors  used  in  other  service. 
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COAL  AND  WATER  CONSUMPTION 

7  Table  1  shows  the  average  coal  and  water  consumption  in  the 
economy  brake  tests  of  steam  tractors  in  Canada.  It  is  not  to  be 
supposed  that  the  load  in  every  case  was  exactly  at  or  even  near  the 
point  of  greatest  economy,  though  this  condition  was  usually  aimed 
at.  There  was  but  one  test  of  a  compound  engine  on  the  brake,  against 
6  single  and  11  double  cylinder  engines.  In  plowing  there  were  6 
single  and  6  double;  and  in  hauling  1  single  and  3  double. 

TABLE  1    LB.  OF  COAL  AND  WATER  USED  PER  DELIVERED  HJP.  PER  HR. 


■UrOLB  OTLXirDBB 


Coal 


Brake 8.72 

Plowing 7.46 

Haulinc 14.18 


Water 

30.11 
63.8 
114.6 


DODBLB  OTUNDBB 

COMPOUND 

Coal 

Water 

Coal 

Water 

4.48 

8.87 
13.84 

83.48 

69.0 
91.1 

4.06 

•  •  •  • 

*  •  •  • 

84.04 

8  Steam  tractors  as  a  rule  use  from  7  lb.  to  8  lb.  of  water  per 
lb.  of  coal.  Reports  from  333  plowing  engines  of  all  types  in  the 
United  States  and  Canada  indicate  an  average  of  7.67  lb.  Twenty- 
four  public  brake  tests  show  a  mean  of  7.78  lb.;  16plowingtests7.08  lb.; 
and  4  hauling  tests  7.4  lb. ;  or  a  mean  of  7.42  lb.  for  the  44  tests.  Single 
cylinder  engines  show  a  range  of  from  5.78  lb.  to  9.97  lb.;  and  double 
cylinder  from  3.3  to  10.3  according  to  the  official  reports.  Condi- 
tions were  such  however,  as  to  arouse  doubts  as  to  the  accuracy  of 
such  extreme  figures.  By  making  enough  assumptions  we  can  com- 
pare these  data  with  those  furnished  by  operators  of  11  oil-burning 
steam  engines  in  California.  These  men  report  the  use  of  9.4  gal.  of 
water  per  gal.  of  oil.  Assuming  the  oil  to  be  of  20  deg.  Baum6  and 
to  contain  20,000  B.t.u.  per  lb.  they  use  1990  B.t.u.  in  evaporating 
1  lb.  of  water.  The  ordinary  run  of  coal  used  contains  not  over 
13,000  B.t.u.  per  lb.,  hence  1700  to  1740  B.t.u.  would  be  furnished 
per  1  lb.  of  water. 

GASOLENE  CONSUMPTION 

9  Table  2  gives  an  average  of  gasolene  consumption  in  all  pub- 
lic economy  tests  to  date. 

10  The  average  consumption  for  27  brake  tests  is  0.747  lb.,  or  a 
trifle  over  a  pint  per  h.p-hr.,  the  gasolene  used  being  of  70  specific, 
64  Baum6  gravity.  Nineteen  plowing  tests  average  1.67  lb.,  and  12 
hauling  tests  1.91  lb.  per  drawbar  h.p-hr.     These  averages  are  not 
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comparable,  but  the  matter  of  tractive  efficiency  will  be  discussed 
later. 

11  The  amount  of  water  required  per  brake  horsepower-hour  by 
the  internal-combustion  motors  depends  largely  on  the  cooling  sys- 
tem. In  these  tests  it  ranged  from  0  to  2.55  lb.  per  h.p-hr., 
averaging  in  the  neighborhood  of  1}  pints.  A  kerosene  tractor, 
using  water  in  the  cylinders,  consumed  less  than  a  pint  of  water  per 
h.p-hr.    The  consumption  by  the  evaporative  type  of  cooler  would  in 

TABLE  2    GASOLENE  CONSUMED  PER  DELIVERED   HJP.  PER  HR. 


TB8T 


Braka... 
Plowing. 
Hauling. 


1  OTUKDBB 

2CTLIin>Kt8 

No.  Teats 

Lb.  Fuel 

0.667 
1.278 
1.636 

No.Teet8 

Lb.  Fuel 

11 
6 
6 

4 
4 
1 

0.836 
2.076 
8.97 

8  AND  4  CTLINDBBa 


18 
0 

6 


Lb.  Fuel 


0.966 
1.778 
1.88 


several  instances    have  necessitated  replenishment  of  the   water 
supply  after  from  two  to  three  hours  of  heavy  work. 


THERMAL  AND  TRACTIVE  EFFICIBNCT 

12  No  analyses  have  been  made  of  fuels  used  at  the  motor  contests, 
hence  the  thermal  efficiency  of  the  various  engines  is  in  doubt.  It 
probably  ranges  from  4  to  6  per  cent  for  the  steam  tractors,  and  from 
6  to  25  per  cent  for  the  internal-combustion  type.  Neither  have 
tests  been  made  of  the  boiler,  mechanical  or  real  tractive  efficiency. 

13  The  fuel  consumption  in  the  brake  tests  bears  a  direct  relation 
to  the  number  of  cylinders.  In  the  plowing  and  hauling  tests  the 
efficiency  of  the  traction  parts  is  brought  also  into  play.  Tests 
bringing  out  comparisons  of  the  traction  mechanism  only  have  never 
been  conducted,  hence  we  are  forced  to  use  a  crude  comparison  of 
fuel  consumed  and  horsepower  developed  in  the  various  tests.  This 
topic  deserves  extended  discussion,  and  Table  3  will  serve  to  bring 
out,  though  only  in  a  rough  way,  the  influence  of  various  factors  on 
tractive  efficiency. 

14  The  small,  single-cylinder  motors  had  wheels  much  larger  in 
proportion  to  total  weight  than  the  other  classes,  but  more  weight, 
also,  per  brake  horsepower  developed  in  the  economy  test.  Com- 
paring only  the  brake  and  drawbar  horsepower  they  appear  to  have 
greater  tractive  efficiency  than  the  larger  and  heavier  machines. 
From  the  comparative  fuel  consumption  however,  we  may  assume 
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that  this  was  due  rather  to  harder  work  of  the  engine,  i.e.,  more  brake 
horsepower  was  being  developed  during  the  plowing  than  during 
the  economy  brake  tests.  As  previously  stated,  the  road  conditions 
were  severe,  every  class  developing  in  the  hauling  tests  a  lower  per- 
centage of  the  brake  horsepower  at  the  drawbar,  and  using  more  fuel 
per  tractive  horsepower-hour  than  in  the  plowing  tests. 

15  The  light  high-wheeled  tractors  with  four-cylinder  high-speed 
engines  seemed  to  be  much  less  affected  by  the  adverse  conditions, 
developing  in  either  plowing  or  hauling  about  half  as  much  tractive 
horsepower  as  brake  horsepower,  with  approximately  twice  the  fuel 
consumption  per  unit.  The  steam  engines,  with  only  a  trifle  more 
weight  per  brake  horsepower  than  the  four-cylinder  gasolene  trac- 

TABLE  8    TRACnVB  EFFICIENCY  TESTS 

nWimiKlO  BT  CoifPABINO  FuK.  CONBUIIBD  AND  HOBBIPOWaB  DBVBLOPBD  AT  WufNIFBa, 

Man.,  July  1909 


Type  of  Enciiie 


Total 

Weight 

per  1  In. 

width  of 

Driver 


Weight 

per 

Eksonomy 

BJi.p. 


Drawbar  h.p. 
B.h.p. 


Fuel  per  B.h.p-hr. 
Fuel  per  drawbar  h.p-hr. 


Plowing       Hauling        Plowing        Hauling 


StoglfrCyllnder,     Gaso- 
lene, Low  Wheel 299  635  0.614  0.608  0.441  0.855 

Pour-Cylinder,  Gaao- 
1«>«.  Hlfh  Wheel 407  416       i       0.531  0.499  0.638  0.588 

*•*" 685  456  0.666  0.293  0.499  0.344 

NoTi.— This  table  Includes  four  single-cylinder  gasolene  engines,  three  4-oyllnder,  and  four  steam 


tors,  aad  about  the  same  height  of  drivers,  but  over  40  per  cent  more 
weight  per  inch  in  width  of  drivers,  were  able  to  turn  this  weight  to 
good  account  in  plowing  on  firm  footing.  Over  the  hauling  course 
power  dropped  and  fuel  consumption  rose  in  nearly  the  same  propor- 
tion. 

16  The  drawbar  pull  of  the  gasolene  tractors  averaged  about  17 
per  cent  of  the  total  weight  in  the  hauling  test  and  about  24  per  cent 
in  plowing.  One  horsepower  was  developed  for  922  lb.  of  total 
weight.  The  drawbar  pull  of  the  steam  engines  was  approximately 
11  per  cent  of  the  total  weight  in  hauling  and  22  per  cent  in  plowing. 
Averaging  the  two  tests,  the  steam  tractors  have  credit  for  1  tractive 
h.p.  for  each  1033  lb.  of  weight. 

17  This  year  the  steam  tractors  delivered  in  plowing  from  50  to 
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77  per  cent  of  their  economy  load  on  the  brake  and  from  37  to  58  per 
cent  of  then*  maximum.  The  dynamometer  showed  a  mean  resist* 
ance  of  26  per  cent  of  the  total  weight  and  36  per  cent  of  the  weight 
on  the  drivers.  The  latter  weight  is  probably  only  approximate. 
A  mean  of  percentages  indicates  that  73.5  per  cent  of  the  weight  is 
borne  by  the  drivers. 

18  Seven  internal-combustion  tractors  had  a  mean  resistance  of 
25  per  cent  of  the  total  weight  and  35  per  cent  of  the  weight  on  the 
drivers,  the  latter  carrying  70  per  cent  of  the  total.  Data  on  a  motor 
truck  which  overcame  a  resistance  of  33  per  cent  of  the  total  weight 
and  79  per  cent  of  the  weight  on  the  drivers  are  excluded.  Tliis 
motor  carries  only  42  per  cent  of  its  weight  on  the  drivers,  and  in  the 
plowing  test  was  loaded  with  human  ballast  to  increase  the  percentage. 

19  The  rating  of  tractors  is  far  from  uniform,  but  steam  ratings 
are  more  conservative  than  for  internal-combustion  engines.  The 
brake  rating  of  steam  tractors  is  seldom  less  than  three  times  the 
tractive  or  nominal  rating.  Some  confusion  exists  in  the  use  of  the 
terms  nominal  and  tractive.  In  the  Winnipeg  motor  contests  the 
officials  regarded  nominal,  drawbar  and  tractive  ratings  as  synony- 
mous, and  the  terms  are  used  here  in  that  sense.  In  tests  this  year 
every  steam  tractor  not  only  exceeded  both  brake  and  tractive 
ratings,  but  developed  a  greater  percentage  of  its  maximimi  brake 
horsepower  at  the  drawbar  than  was  indicated  by  the  ratio  of  tractive 
to  brake  rating. 

20  Only  two  internal-combustion  engines  equalled  their  brake 
rating  on  the  maximum  test  and  only  one  its  drawbar  rating  in  plow- 
ing. The  class  averaged  only  86.5  per  cent  of  the  brake  rating  on  a 
maximum  test,  80.9  per  cent  of  the  tractive  rating  on  a  semi-economy 
test  in  plowing  and  80.9  per  cent  of  their  brake  rating  on  an  economy 
load.  The  steam  engines  exceeded  the  specified  horsepower  by  32 
per  cent,  and  the  tractive  rating  95  per  cent,  besides  carrying  97  per 
cent  of  the  rated  brake  horsepower  on  the  economy  load. 

21  The  daily  capacity  of  a  tractor  depends  on  the  width  of  the 
strip  plowed  or  otherwise  treated  and  the  distance  traveled.  The 
former  depends  largely  on  tractive  power.  The  character  of  machine 
drawn  afiFects  the  distance  traveled  by  governing  somewhat  the  num- 
ber of  stops.  Stops,  however,  are  due  more  often  to  the  necessity 
for  taking  supplies  or  making  repairs. 

22  The  steam  tractor  formerly  required  a  large  amount  of  time 
for  taking  on  supplies,  but  it  is  now  easy  to  take  water  on  the  move, 
and,  the  transfer  of  coal,  if  sacked,  is  a'small  item.    The  internal- 


L.   W.   ELUS  115 

combustion  tractor  can  usually  travel  a  much  greater  distance  with- 
out replenishing  supplies  than  the  steam  tractor,  though  apparently 
Gttle  effort  has  been  made  to  balance  the  capacity  of  fuel  and  water 
tanks.  Were  it  possible  entirely  to  empty  either  tank,  nearly  every 
internal-combustion  tractor  could  travel  10  to  15  mi.  under  full  load 
without  stopping,  while  the  average  steam  tractor  requires  a  supply 
of  water  approximately  once  every  2  mi.  and  of  coal  every  5  or  6  mi. 

DAILY  CAPACITY  OF  TRACTORS 

23  Sixty  steam  plowmen  in  the  northwest  average  1.48  ml.  of 
furrow  travel  per  hr.,  and  100  in  the  southwest  average  1.5  mi. 
With  internal-combustion  tractors  these  were  increased  to  1.73  and 
1.68  mi.  per  hr.  respectively.  These  figures  take  account  of  all  delays. 
Actually  the  traveUng  speeds  are  much  higher.  In  one  hauling  con- 
test, with  no  stops  except  for  supplies,  seven  gasolene  tractors  netted 
2.39  nu.  per  hr.,  or  92  per  cent  of  the  rated  high  speed,  which  aver- 
aged 2.59  mi.  Four  steam  tractors  netted  2.2  mi.,  or  86  per  cent  of 
the  rated  high  speed.  The  previous  year  over  the  same  course  the 
gasolene  tractors  averaged  2.99  mi.  per  hr.  One  farm  truck  main- 
tamed  4.42  mi.  per  hr.  with  a  load  50  per  cent  greater  than  its  own 
weight.  The  same  tractors  which  averaged  2.99  mi.  per  hr.  in  a  non- 
stop haulage  test  averaged  only  2.04  mi.  of  furrow  travel  per  hr. 
in  a  plowing  contest.    The  furrows  in  this  case  were  short,  necessitat- 

• 

ingmany  turns.  Each  turn  takes  from  45  sec.  to  2  min.,  hence  the 
net  furrow  travel  was  cut  to  68  per  cent  of  the  hauling  speed.  Last 
year,  with  a  longer  course  (120  rods)  six  gasolene  tractors  in  plowing 
averaged  in  net  furrow  travel  74  per  cent  of  the  rated  high  speed  and 
80  per  cent  of  their  hauling  speed. 

24  This  year,  on  a  run  of  practically  one  mile,  97  per  cent  of  the 
travel  of  one  tractor  was  in  useful  work.  The  internal-combustion 
factors  this  year  averaged  1.86  mi.  of  furrow  travel  and  the  steam 
^^^ors  2.22  mi.,  in  tests  averaging  about  five  hours.  These  are  not 
far  from  the  actual  traveling  speeds  in  difficult  plowing,  as  there 
were  few  stops  for  supplies  or  turning. 

COST  OF  OPERATION  AND  PRODUCTION 

^  Comparisons  of  cost  of  operation  are  usually  unsatisfactory, 
owing  to  the  dominating  effect  of  local  conditions,  and  the  personal 
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element.  Anywhere  from  5  to  20  h.p-hr.,  may  be  needed  to  plow 
an  acre.  Ordinary  loam  shows  a  resistance  of  from  4^  to  5^  lb.  per 
sq.  in.  of  cross-section  of  the  furrow  slice,  say  360  lb.  for  a  furrow 
6  in.  by  12  in.  In  plowing  an  acre  of  this  soil,  the  12-in.  plqw  will 
travel  43,660  ft.  and  require  7.9  h.p-hr.  of  work,  in  addition  to  the 
turns,  etc.  At  Winnipeg  it  required  from  12  to  19  h.p-hr.  to  the  acre, 
plowed  4  in.  deep.  The  transportation  of  supplies  is  a  highly  vari- 
able factor.  In  fact  all  factors  are,  and  after  trying  for  two  years  to 
secure  dependable  averages,  I  was  forced  to  generalize  in  a  report 
dealing  with  the  situation. 

26  The  manager  of  a  noted  Dakota  farm  this  year  puts  the  cost 
of  producing  an  acre  of  wheat  with  horses  at  $8.45.  A  traction  farmer 
in  the  same  state  produced  a  2000-acre  crop  of  flax  last  year  for  $6.56 
per  acre,  allowing  for  all  overhead  charges.    Roughly  speaking,  the 


TABLE  4    COMPARATIVE  COST  OF  PRODUCTION 
Cost  of  Production  per  Acre  of  Wheat  With    Horses 


With  Tractor 


Landrental 12.00  '            $2.00 

Plowing 1 .85  0.76 

Seed 1.13  1.13 

Pulverising  and  seeding 0.63  0.17 

Twine  and  cutting 0.76  I             0.89 

Shocking 0 .  22  0 .  22 

Threshing 0.65  0.65 

Machinery  costs 0.62  0.67 

Hauling 1.00  CM 

Incidentals 0.80  0.80 

Total 18.65  $6.55 

I 

m 

tractor  cuts  ten  cents  from  the  cost  of  producing  a  bushel  of  wheat  in 
a  20  bushel  crop.  Table  4  summarizes  the  comparative  cost  of  pro- 
duction with  horses,  and  an  oil-burning  tractor  for  conditions  in  east- 
ern North  Dakota.  Overhead  charges  on  prime  mover  are  included 
in  the  several  costs  of  operations.  Machinery  costs  for  the  tractor 
are  a  trifle  higher  because  of  the  added  investment  in  suitable  plows. 
27  The  cost  of  keeping  animals  is  increasing.  The  scarcity  of 
lumber  is  making  buildings  for  shelter  more  costly,  Labor  is  higher 
in  price,  as  is  horse  feed.  The  average  farm  horse  gets  10  lb.  of  food 
(6i  lb.  of  hay  and  3i  lb.  of  grain)  for  every  hoiu:  he  works,  and  some 
pasturage  beside.  His  thermal  eflSciency  is  around  6  per  cent  when 
worked  ten  hours  a  day  and  skilfully  fed,  but  ordinarily  only  around 
1  to  2  per  cent.    Much  of  his  work  is  light  and  he  probably  returns 
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not  over  500  h.p-hr.  per  year  for  the  $100  which  it  takes  to  keep  him. 
Other  advantages  than  cost  have  given  the  tractor  preference  over 
the  animal  to  date,  but  as  the  transition  continues  the  comparative 
cost  will  vary  increasingly  in  favor  of  mechanical  power. 

In  the  discussion  of  the  paper  Dr.  Charles  E.  Lucke  described  the  contest 

for  tractors  held  yearly  at  the  Winnipeg  fair,  and  the  tractors  present  there 

in  1910.    The  talk  was  profusely  illustrated  by  lantern  slides  showing  views 

of  the  different  tractors.    These  views  were  published  in  the  Engineering 

Magasine  for  September  1911. — Editor. 
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LETTERS  PATENT  FOR  INVENTIONS 

A  DISCUSSION  OF  THE  RIGHTS  GRANTED  THEREBY,  AND  THE 
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Bt  D.  Howabd  Hatwood,  Nsw  York 
Member  of  the  Society 

There  is  much  confusion  in  the  mind  of  the  average  man  as  to  the 
nature  of  the  right  or  rights  conferred  by  letters  patent  of  the  United 
States.  Upon  their  face  they  grant  to  the  holder,  for  a  specified  term 
of  years,  "the  exclusive  right  to  make,  use,  and  vend"  the  invention 
claimed  therein.  These  words,  taken  in  their  ordinary  meaning, 
would  seem  to  grant  to  the  owner  the  right  to  make,  use,  and  vend 
the  invention,  coupled  with  the  right  to  exclude  others  from  so  doing. 
But  this,  though  very  commonly  accepted  to  be  their  meaning,  is 
not  their  meaning  at  all.  Letters  patent  grant  no  right  to  make,  use, 
or  vend  an  invention,  but  only  the  right  to  prevent  others  from  doing 
so.  The  so-called  exclusive  right  is  merely  the  right  of  exclusion. 
If  the  patentee  has  the  right  to  make,  use,  and  sell  the  invention,  at 
the  time  he  receives  the  patent,  then  the  patent  grant  makes  that 
right  an  exclusive  one;  but  if  he  does  not  have  that  right  at  such  time, 
the  patent  does  not  give  him  such  right,  but  merely  the  right  to  exclude 
others  therefrom. 

2  Take  a  concrete  example.  Assume  A  to  be  the  original  inventor 
of  the  steam  engine;  he  has  a  natural  right  to  make,  use,  and  vend 
the  same,  entirely  regardless  of  any  patent  right;  he,  however, 
applies  for  and  obtains  a  broad  patent  thereon,  and  thus  receives 
from  the  government  the  legal  right  to  the  exclusive  exercise  of  this 
natural  right,  that  is  to  say,  he  receives  the  right  to  exclude  others 
from  exercising  the  right  which  they  would  otherwise  have  had  of 
making,  using,  or  selling  steam  engines.  Now  assume  that  B  at 
some  time  later  invents  a  specific  form  of  rotary  steam  engine.    For 
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the  novel  features  therein  he  is  entitled  to  a  patent,  and  obtains  it. 
At  the  time  of  obtaining  the  patent,  however,  A's  patent  is  in  force 
and  hence  B  has  no  right  to  make,  use,  or  vend  a  steam  engine  o£ 
any  kind.  B's  patent  gives  him  no  right  in  this  connection,  for  if 
it  did  the  effect  would  clearly  be  in  abrogation  of  A's  rights  of  exclu- 
sion, already  acquired.  B's  patent  grants  him  the  right  ta  exclude 
every  one  from  making,  using,  or  vending  the  specific  form  of  rotary 
engine  invented  by  him,  and  nothing  more;  he  can  prevent  otherE 
including  A  himself,  from  making,  using,  or  selling  the  rotary  steam 
engine,  but  having,  at  the  time  he  made  his  invention,  no  right  to 
the  exercise  thereof,  he  obtains  none  in  his  patent.  It  is  to  be  noted 
also  that  B's  right  to  exclude  A  from  making  the  rotary  steam  engine 
that  he,  B,  invented,  is  in  no  way  inconsistent  with  A's  patent  right, 
for,  as  said,  the  latter  was  merely  the  right  to  exclude  others  from 
the  manufacture,  use,  and  sale  of  steam  engines  of  any  and  all  forms, 
and  not  the  right  to  make,  use,  or  sell  them  himself. 

3  The  result  of  the  foregoing  may  seem  somewhat  anomalous, 
but  it  is  no  less  true  that  during  the  life  of  A's  patent,  neither  A  nor 
B  can  make,  use,  or  sell  rotary  steam  engines,  except  and  unless  by 
permission  of  one  from  the  other.  Failing  such  permission  B  can 
only  wait  until  A's  patent  right  has  expired,  whereupon  he  will  be 
free  to  exercise  his  natural  right,  and  for  the  remainder  of  the  term 
of  his  own  patent  will  likewise  be  able  to  exercise  his  legal  right  of 
restraint  as  against  others. 

NOVELTY   DISTINGUISHED   FROM   INFRINGEMENT 

4  When  application  is  made  to  the  government  for  letters  patent 
of  the  United  States,  a  search  is  made  by  the  government  solely 
upon  the  question  of  novelty.  The  applicant  for  a  patent  right 
describes  and  claims  what  he  considers  he  has  invented,  and  the 
government,  through  its  oflScials  in  the  Patent  OflSce,  then  proceeds 
to  search  through  prior  publications,  records,  patents,  and  so  forth, 
in  an  endeavor  to  find  anything  upon  which  such  description  and 
claims  can  be  read.  If  found,  B's  application  is  of  course  refused, 
for  B  in  such  case  is  not  entitled  to  any  patent  right.  In  the  example 
just  given,  however,  there  is  no  disclosure  by  A  of  any  rotary  steam 
engine,  but  merely  (say)  of  a  reciprocating  steam  engine,  and  it 
being  assumed  that  no  disclosure  of  a  rotary  steam  engine  is  found 
elsewhere,  the  patent  sought  for  by  B  is  granted  to  him.  The  fact 
that  A  in  his  application  claimed,  and  in  his  patent  was  given,  ai 
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exclusive  right  (or  right  of  exclusion)  in  relation  to  all  forms  of  steam 
engme,  is  not  taken  into  consideration  by  the  Patent  Office  at  all. 
The  Patent  Office  officials  are  searching  for  the  specific  thing  that 
B  has  disclosed  and  is  claiming;  they  fail  to  find  it;  and  a  patent  is 
therefore  granted  to  B.  B  being  the  original  inventor  of  the  rotary 
steam  engine  is  entitled  under  the  law  to  the  right  of  excluding  anyone 
else  from  obtaining  the  benefits  of  that  invention  for  the  term  of  years 
for  which  such  patent  rights  are  granted.  The  fact  that  his  invention 
infringes  A's  patent  is  of  no  interest  to  the  patent  officials,  provided 
it  has  novelty,  and  this  is  the  more  readily  appreciated  when  the  fact 
is  kept  in  mind  that  the  grant  of  a  patent  to  B  does  not  carry  with 
it  any  right  or  privilege  to  make,  use  or  sell  the  invention  covered 
thereby. 

PATENT   RIGHTS  TRANSFERABLE   IN   WHOLE   OR  IN   PART 

5  The  holder  of  a  patent  right,  i.e.,  the  right  to  exclude  others 
from  making,  using,  *and  selling  his  invention,  may  remit  that  right 
to  one  or  more  persons,  firms,  corporations  or  other  legal  entities, 
at  will.  Having  the  right  to  exclude  all  persons  from  the  exercise 
of  a  certain  right  which  they  would  otherwise  have,  he  may,  if  he 
so  desire,  undertake  not  to  exercise  that  right  of  exclusion  as  against 
any  selected  person  or  persons.  There  are  in  general  three  ways 
of  accomplishing  this  result:  (a)  by  assignment,  (6)  by  territorial 
grant,  (c)  by  license.  Assignments  may  be  of  the  entire  patent 
right  held  by  the  orginal  grantee,  or  of  a  part  thereof.  If  of  the 
entire  right  the  situation  is  simple  and  clear;  the  assignee  is  merely 
substituted  for  the  original  grantee,  and  the  original  grantee  steps 
aside  in  favor  of  the  assignee,  who  assumes  in  toto  every  right  the 
origmal  grantee  had  at  the  time  he  made  the  assignment.  There  is 
provision  made  for  recording  such  assignments,  and  a  statute  pro- 
vides that  when  recorded  within  a  specified  period,  they  become  and 
constitute  constructive  notice  to  all  of  the  transfer  of  title  of  the 
patent.  If,  on  the  other  hand,  the  assignment  conveys  from  the 
grantee  to  an  assignee,  in  terms,  a  part  only  of  the  right  granted 
hy  the  patent,  the  situation  is  not  nearly  so  clear,  and,  in  fact,  is 
very  commonly  misunderstood.  Assume  that  A,  the  original  grantee, 
assigns  to  X  an  undivide<l  one-half  interest  in  the  patent,  such 
assignment  being  the  usual  naked  one,  i.e.,  unaccompanied  by  any 
partnership  agreement.  A  has  now  broken  up  the  complete  right 
of  exclusion  and  is  sharing  it  with  X.     But  as  the  right  of  exclusion 
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necessarily  carries  with  it  the  right  of  remission  thereof,  it  follows 
that  A  and  X  can  now,  each  of  them,  and  the  one  independently 
of  the  other,  remit  that  exclusion  so  far  as  anyone  else  is  concerned, 
and  that  neither  can  interfere  with  the  action  of  the  other  in  this 
respect.  The  "exclusive  right"  or  right  of  exclusion  is  thus  utteriy 
broken  up  and  lost,  unless  A  and  X  act  in  concert,  which  the  assign- 
ment does  not  require  them  to  do;  for  either  A  or  X  can  only  exclude 
those  from  enjoying  the  benefits  of  the  invention  such  as  the  other 
does  not  release  from  such  exclusion.  X,  owning  an  undivided 
interest  in  the  patent  right,  can  theoretically  release  everyone  from 
the  patent  restraint  and  A  cannot  prevent  him. 

6  Now  a  step  further.  We  have  been  assmning  the  assignment 
of  a  one-half  interest.  But  too  much  stress  cannot  be  laid  on  the 
fact  that  in  a  naked  assignment,  i.e.,  one  unaccompanied  by  any 
restrictions  as  to  partnership  agreement,  it  matters  not  one  iota 
what  proportion  of  the  patent  right  is  nominally  assigned.  An 
assignment  of  a  one-hundredth  part  conveys  exactly  the  same  right 
in  this  respect  as  one-half  or  ninety-nine  hundredths.  Any  undivided 
part  gives  complete  rights,  subject  only  to  similar  rights  in  the  other, 
and  the  owner  by  assignment  of  any  fractional  part,  no  matter 
how  smaU,  may  break  up  his  part  into  as  many  smaller  parts,  theo- 
retically to  infinity,  as  he  may  desire,  and  may  assign  those  parts 
to  an  infinite  number  of  people. 

7  I  am  particularly  desirous  of  warning  inventors  not  to  assign 
fractional  parts  of  their  patent  rights  unless  accompanied  with  a 
partnership  agreement,  and  preferably  with  an  undertaking  that 
no  further  rights  shall  be  granted  without  the  signature  of  all  the 
owners;  then,  and  only  then,  are  the  parties  protected.  In  any 
other  case  an  owner  of  any  part  of  the  patent  may  proceed  inde- 
pendently of  the  other  or  others,  and  may  grant  other  rights  ^indefi- 
nitely. This  situation  is  little  understood  and  scarcely  ever  appre- 
ciated, other  than  by  lawyers  trained  in  patent  matters;  yet  it  is 
of  paramount  importance  that  it  be  understood.  There  is,  so  far  as 
I  know,  no  parallel  in  the  law  thereto.  There  is  no  analogy  in  this 
respect  between  the  construction  of  patent  assignments  and  those 
relating  to  tangible  property  such  as  real  estate,  or  goods  and  chattels, 
yet  most  people  act  upon  the  assumption  that  there  is,  and  so  valuaMe 
rights  are  lost  or  jeopardized. 

8  Rut  few  words  need  be  said  in  relation  to  territorial  grants 
and  licenses.  These  instruments  do  not  convey  an  undivided  interest 
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in  the  patent  right,  but.  on  the  contrary,  something  less,  and  the 
exact  nature  of  interest  conveyed  or  granted  is  dependent  in  each 
ease  upon  the  wording  of  the  particular  instrument,  the  nature  of 
such  interest  usually  being  set  forth  in  specific  terms  therein.  For 
this  reason  the  ordinary  rules  of  ownership  apply  and  no  such  warn- 
ing as  has  been  given  above  in  relation  to  assignments  is  necessary. 

9  Part  ownership  of  a  patent  right  may  result  from  one  other 
cause,  viz.,  joint  invention.  In  such  case  application  must  be  made 
in  the  name  of  the  joint  inventors  and  the  patent  is  granted  to  them 
jointly.  In  general,  the  same  remarks  I  have  made  with  respect 
to  part  ownership  apply,  for  each  owner  may  operate  independently 
of  the  other,  and  may  grant  rights  under  the  patent  without  the  con- 
sent of  the  other. 

THE   PATENT  ITSELF,   AND  THE  CLAIMS  THEREOF 

10  Letters  patent  comprise,  besides  the  formal  grant,  a  speci- 
fication in  which  the  nature  of  the  invention,  and  the  manner  in  which 
the  same  is  carried  out,  is  disclosed. 

11  The  term  specification  is,  in  law,  applied  comprehensively  to 
the  description  of  the  invention,  the  drawings  in  which,  where  the 
nature  of  it  permits,  the  invention  is  illustrated,  and  the  claim  or 
claims  which  follow  the  description  and  in  which  the  scope  of  the 
patent  right  is  specifically  set  forth.  The  descriptive  portion  of  the 
specification  is  commonly  termed  the  specification,  the  word  being 
then  used  in  a  more  limited  or  restricted  sense. 

12  As  it  is  the  claims  which  determine  the  breadth  and  scope  of 
the  patent  protection  granted,  it  follows  that  their  wording  is  of 
extreme  importance.  It  is  upon  the  skillful  drawing  of  the  claims 
that  the  whole  value  of  the  patent  depends.  They  should,  where 
the  nature  of  the  invention  permits,  be  broad  and  comprehensive 
in  their  terms,  so  that  mere  variations  in  structure,  such  as  will 
thereafter  suggest  themselves  to  skilled  mechanics  or  to  other 
inventors,  will  fall  within  them,  yet  they  must  not  be  ambiguous, 
uncertain  or  vague,  for  they  would  then  be  liable  to  be  declared 
invalid  by  the  courts.  Clearly  the  claims  must  not  read  upon  any 
previously  invented  structure,  for  in  such  case  they  would  be  antici- 
pated thereby  and  would  have  no  validity,  as  has  often  been  said, 
a  structure  which,  if  later,  would  infringe,  if  earlier,  would  anticipate. 
The  first  requisite,  then,  in  the  drafting  of  a  claim,  is  an  accurate 
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knowledge  of  what  has  been  previously  accomplished  in  the  same 
or  similar  lines^  a  knowledge,  as  it  is  aptly  called,  of  the  state  of  the 
art. 

13  The  next  requirement  is  a  true  appreciation  of  the  problem 
that  the  inventor  has  solved.  It  is  not  sufficient  that  one  drawing 
a  ('hum  shall  merely  understand  the  specific  structure  for  w^hich 
patent  protection  is  to  be  acquired,  for  in  such  case  he  would  not  be 
in  a  proper  position  to  distinguish  between  the  essential  and  non- 
(»ssential  features  thereof.  As  an  example  of  what  I  mean  in  this 
connection,  it  is  possible  to  conceive  an  appliance  placed  upon  an 
engine  such  as  w^ould  operate  in  connection  with  the  valve  mechanisms 
for  both  the  inlet  and  the  exhaust  of  steam.  For  convenience  the 
inventor  might  apply  it  in  this  way,  yet  actually  his  problem  is 
conceivably  completely  solved  by  the  application  of  the  device 
to  the  means  for  admitting  steam.  A  failure  to  appreciate  the  fact 
that  the  application  to  the  means  for  controlling  the  exhaust  of 
the  st^am  was  mere  surplusage,  or  at  best  a  convenience,  might 
lead  to  the  drawing  of  claims  in  a  way  that  would  prevent  others 
only  from  applying  the  mechanism  to  both  inlet  and  exhaust  valve 
mechanism,  leaving  them  free  to  place  it  upon  the  inlet  valve  mechan- 
ism alone,  and  thereby  actually  to  attain  the  benefits  of  the  invention. 
It  is  not  only  necessary  then  that  one  shall  thoroughly  understand 
the  mechanism  when  drafting  the  claims,  but  as  I  have  said,  there 
must  be  a  full  appreciation  of  the  problem  that  the  inventor  has 
solved. 

14  A  claim  drawn  w4th  the  foregoing  requisites  in  mind  will 
exclude  all  that  has  gone  before  and  will  be  directed  to  the  pertinent 
features  of  invention,  and  the  next  thing  to  be  considered  is  that 
the  language  of  the  claim  shall  be  comprehensive  enough  to  cover 
changes  in  structure  that  thereafter  may  be  made,  and  it  is  right 
here  that  the  most  difficult  part  of  the  work  is  found.  In  the  previous 
njquisites  noted  the  precise  facts  may  be  readily  obtained  and  the 
drawing  of  the  claims  up  to  this  point  is  only  a  question  of  technical 
skill  in  the  use  of  language,  but  the  third  consideration  deals  not 
with  facts  at  the  time  but  with  possibilities  in  the  future.  A  careful 
and  skilful  attorney  first  draws  the  claims  in  as  good  and  accurate 
f(»rni  as  he  is  primarily  able  and  then,  putting  himself  in  the  position 
of  an  infringer  endeavors  to  conceive  of  a  structure  such  as  would 
not  fall  \vithin  the  terms  thereof.  If  he  succeeds,  he  changes  the 
language  of  the  claims  from  time  to  time  to  correct  their  defects, 
and  until  they  finally  satisfy  him.     For  any  claim  upon  a  mechanical 
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device  it  is  thus  necessary  that  the  attorney  be  well  versed  in  the 
mechanical  arts,  for  how  else  can  he  conceive  of  these  various  possible 
structures  which  might  be  used  in  substitution  of  the  structure  in 
front  of  him?  As  has  been  stated  above,  it  will  not  avail  him  to  use 
vague,  uncertain,  and  ambiguous  terms  in  an  effort  to  include  all 
possible  changes,  because  even  though  he  may  succeed  in  getting 
such  claims  allowed  by  the  Patent  Office  officials,  such  claims  when 
in  the  courts  will  either  be  limited  substantially  to  what  is  shown 
and  described,  or  will  be  declared  invalid  by  reason  of  their  indefi- 
niteness,  vagueness,  and  uncertainty.  The  more  defibiite  and  precise 
a  claim  is,  the  more  it  is  Ukely  to  be  sustained,  and  the  more  valuable 
it  is  upon  that  account  provided  it  covers  sufficiently  comprehen- 
sively the  essential  features  of  the  invention. 

15  It  is  true  that  under  the  doctrine  of  equivalents,  as  it  is 
cdled,  the  courts  will  sometimes  construe  a  claim  more  broadly 
than  its  exact  terms;  for  instance,  where  a  spring  has  been  claimed 
and  a  weight  may  be  substituted  therefor  to  produce  the  same 
result,  the  mere  substitution  of  the  weight  for  the  spring  would  not 
be  considered  to  have  evaded  the  spirit  of  the  claim  even  though  it 
evaded  the  precise  words  thereof.  But  it  is  dangerous  to  rely  upon 
the  doctrine  of  equivalents  because  one  can  never  be  sure  as  to  how 
far  the  courts  will  go  in  applying  it.  Furthermore,  that  one  thing 
shall  be  the  equivalent  of  another  it  is  necessary  that  the  one  thing 
shall  do  substantially  the  same  thing  as  the  other,  and  in  substan- 
tially the  same  way.  If  the  change  will  not  conform  to  this  test 
the  doctrine  of  equivalents  will  ordinarily  not  apply,  and  hence  it 
is  highly  desirable  that  the  attorney  draw  the  claim  in  such  terms 
as  to  cover  the  possible  variations  of  the  structure. 

16  After  broad  claims  have  been  drawn  such  as  comprehensively 
cover  the  invention  generally,  in  such  terms  as  to  include  all  reason- 
able variations  of  the  structure,  it  is  then  wise  to  insert  specific 
clafans  first  to  the  general  specific  structure  shown,  and  second,  to 
Miy  specific  part  of  the  structure  such  as  may  be  deemed  to  be  of 
particular  importance  to  warrant.  The  first  set  of  specific  claims 
we  advantageous  for  two  reasons:  first,  should  the  broad  claims 
prove  worthless  at  any  later  time  by  the  later  finding  of  an 
anticipatory  structure,  or  should  they  for  any  other  reason  be 
found  to  be  invalid,  then  these  specific  claims  may  prove  of  great 
>'alue.  Of  course,  if  the  broader  claims  are  sustained  in  the  courts, 
the  specific  claims  are  of  little  value  in  this  connection,  but  it  not 
infrequently  happens  that  broad  claims  arc  later  found  to  be  invalid 
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for  some  reason  or  another  and  then,  if  the  specific  claims  cover  the 
infringing  structure  as  well  as  the  structure  upon  which  they  were 
originally  drawn,  a  suit  brought  on  the  patent  may  be  sustained 
and  the  infringing  structure  enjoined. 

17  By  the  drafting  of  claims  to  specific  parts  of  construction^  I 
have  in  mind  that  it  is  quite  common  in  certain  arts  to  find  some 
particular  feature  that  is  quite  essential  to  the  proper  effective 
operation  of  the  structure  as  a  whole.  This  particular  feature  is 
often  applicable  to  many  and  varied  structures,  and  while  it  may  be 
used  in  combination  with  the  general  structure  shown  in  the  applica- 
tion which  we  are  considering,  it  may  be  capable  of  uses  in  combina- 
tion with  structures  such  as  cannot  possibly  be  included  in  the  other 
claims  to  which  we  have  reference.  A  specific  claim  to  this  specific 
thing  will  then  be  of  great  importance.  I  will  not  take  up  herein  the 
question  of  whether  or  not  such  a  claim  should  be  included  in  this 
application  or  indeed  could  be  included  under  the  Patent  OflSioe 
rules  in  the  application  to  which  I  have  been  referring,  or  whether  it 
had  better,  or  would  have  to,  be  included  in  a  separate  application. 

I  am  rather  considering  the  broad  question  of  what  claims  would  give  * 
protection,  and  from  this  viewpoint  specific  claims  should  be  drawn 
to  such  specific  feature,  and  indeed  to  any  specific  features  which 
may  be  considered  in  this  connection  to  be  of  sufficient  importance 
to  warrant  it. 

WHAT  A   PATENT  MAT  COVER 

18  Letters  patent  for  inventions  may  cover:  first,  an  apparatusi 
machine,  structure  or  a  device;  second,  a  process  or  method;  third 
a  composition  of  matter,  such  as  a  chemical  compound;  and  fourth, 
a  design. 

19  Under  the  first  heading  come  such  combinations  of  elements 
as  are  included,  for  instance,  in  steam  heating  systems,  steam  engines, 
automatic  machinery,  structures,  jewel  settings,  etc.  Included  therein 
is  practically  everything  which  comes  under  the  term  mechanical 
arts.  Claims  drawn  to  these  structures  are  in  form  for  a  combina* 
tion  of  elements.  The  writer  is  aware  that  it  is  common  to  speak 
of  some  claims  as  basic  or  fundamental,  and  other  claims  as  com- 
bination claims,  with  the  understanding  that  combination  claiins 
are  narrow  claims,  while  basic  or  fundamental  claims  are  broad  ones; 
but  in  the  la^t  analysis  all  claims  are  to  a  combination  of  elements, 
for  it  is  practically  inij)ossibl(^  to  conceive  of  a  claim  having  but  one 
element  therein. 
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20  The  Supreme  Court  of  the  United  States  has  laid  down  the 
doctrine  that  the  elements  of  claims  must  combine  together  to  a 
sio^e  unitary  result  in  order  that  the  claims  be  patentable.  If  the 
dements  do  not  combine  together  to  a  single  unitary  result  they  are 
said  to  be  merely  aggregated;  and  an  aggregation  is  unpatentable  and 
the  clauns  drawn  thereto  invalid.  The  usual  way  of  expressing  this 
is  that  a  combination  is  patentable  while  an  aggregation  is  not. 
The  most  famous  case  perhaps  in  this  connection  is  the  Faber  pencil 
case  in  which  a  claim  covering  the  ordinary  form  of  lead  pencil  in 
Qse  today,  with  the  rubber  tip  thereon  for  erasing  purposes,  was 
held  unpatentable  because  for  an  aggr^ation.  A  patent  was  actually 
granted  upon  this  device,  but  the  Supreme  Court  of  the  United  States 
declared  it  to  be  invalid.  The  Supreme  Court  said  in  effect  that  the 
pencil  and  the  rubber  each  operated  as  independently  of  the  other  as 
each  had  theretofore  operated,  and  that  the  mere  assembling  of  them 
togetiier  was  for  convenience  only,  and  did  not  constitute  an  in- 
ventive act.  When  so  aggregated  the  pencil  was  still  used  as  a  pencil 
and  the  rubber  as  an  eraser;  the  pencil  and  eraser  did  not  combine 
together  for  any  single  unitary  result,  but  on  the  contrary  were 
separately  employed  for  independent  and  individual  results.  For  a 
daim,  then,  to  be  valid  all  of  its  elements  must  combine  together 
for  a  final  result  which  is  different  in  kind  from  that  which  would  have 
resulted  from  the  use  of  these  elements  individually  or  in  individual 
sulKombinations.  If  the  complete  claim  will  stand  this  test  it  is 
for  a  conabination  and  is  valid  in  that  respect;  if  not,  it  is  for  an 
aggregation  and  will  not  be  upheld. 

21  The  writer  has  seen  it  stated  that  if  the  final  result  attained 
is  the  product  of  the  functions  of  the  elements  in  a  claim,  the  claim 
is  for  a  combination,  while  if  the  final  result  is  the  sum  of  their 
functions  the  claim  is  for  an  aggregation;  but  while  this  is  a  terse  way 
of  expressing  it,  it  seems  almost  necessary  to  understand  primarily 
the  difference  between  a  combination  and  an  aggregation  when 
^plied  to  claims  before  the  statement  can  be  appreciated. 

22  Under  the  second  heading  come  processes  or  methods,  and 
ui  this  connection  it  is  quite  difficult  to  say  with  any  degree  of 
certainty  what  is  capable  of  being  protected  by  a  patent  right,  and 
what  is  not.  Anything  new  in  which  there  is  an  elemental  or  chemical 
action  is  capable  of  this  protection;  while  going  to  the  other  extreme, 
anything  which  is  the  mere  function  of  a  machine  is  not  capable  of 
such  protection,  the  only  possible  way  of  protecting  the  process  or 
method  carried  out  in  a  machine  being  by  patenting  the  machine 
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itself.  There  is  a  middle  ground,  however,  in  which  the  question  of 
patentability  is  always  debatable.  Upon  this  middle  groimd  are 
what  are  known  as  step-by-step  processes,  and  of  recent  years  the 
courts  have  been  leaning  toward  sustaining  this  class  of  method 
patents. 

23  The  requirement  for  patents  under  the  third  class,  other  than 
novelty,  is  that  they  constitute  something  more  than  a  mere  mixture 
of  known  ingredients,  with  no  new  result  other  than  that  which  would 
naturally  follow  from  such  mixture. 

24  Design  patents  are  granted  for  something  new  in  ornamental 
configuration.  Parts  that  have  a  new  form  merely  for  some  mechan- 
ical purpose  are  not  capable  of  protection  under  the  design  branch 
of  the  patent  law,  the  requirement  being  novelty  in  ornamental 
configuration  without  regard  to  utility.  Novelty  in  ornamentation 
and  configuration  of  an  inkstand,  for  instance,  would  constitute 
patentable  subject  matter  as  a  design,  while  a  novel  shape  of  loco- 
motive frame  designed  for  the  mere  purpose  of  receiving  the  parts 
to  be  attached  thereto  better  or  more  conveniently,  would  not  be 
thus  patentable. 

FOREIGN  PATENTS 

25  Letters  patent  in  foreign  countries  are  similar  to  letters 
patent  of  the  United  States  in  that  they  grant  no  right  to  make, 
use,  or  sell  the  invention  covered  thereby,  but  only  the  right  to 
prevent  others  from  so  making,  using,  and  selling  it,  but  in  almost 
all  other  respects  they  differ  widely  therefrom.  They  not  only  differ 
widely  from  United  States  letters  patent,  but  also  one  from  the 
other.  This  is  true  both  as  to  their  form,  the  procedure  necessaiy 
for  obtaining  them,  and  what  is  necessary  to  be  done  in  order  that 
they  be  maintained  in  force. 

26  I  do  not  think  it  proper  or  expedient  to  enter  in  this  paper 
into  a  wide  discussion  or  explanation  of  foreign  patents,  but  certain 
points  will,  I  think,  be  of  interest  and  may  be  touched  upon. 

27  The  first  one  to  be  noted  is  that  in  almost  all  of  the  principal 
foreign  countries,  Canada  being  a  notable  exception,  application 
for  letters  patent  must  be  made  before  there  is  any  public  knowledge 
of  the  invention  whatsoever.  In  the  United  States  there  may  be 
public  knowledge  for  any  time  not  exceeding  two  years  prior  to  the 
date  of  the  application,  but  public  knowledge  for  one  day  preceding 
the  filing  of  an  application  in  most  countries  abroad  will  prevent 
the  granting  of  the  patent  if  knowledge  thereof  is  brought  to  the 
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Patent  Office  officials,  or  will  invalidate  the  patent  if  granted. 
Canada  allows  one  year  after  the  issuance  of  the  first  patent  in 
any  other  country,  within  which  application  may  be  made  in  Canada, 
bat,  as  I  have  said,  Canada  is  a  notable  exception.  It  will  thus  be 
seen  that  when  foreign  applications  for  letters  patent  are  to  be 
made  it  is  vital  that  the  inventor  and  his  associates  be  particularly 
careful  not  to  permit  a  description  of  the  invention  to  be  published 
in  technical  journals,  not  to  permit  ahy  advertisement  to  appear 
such  as  will  disclose  the  invention,  and  not  to  permit  the  invention 
to  be  used  in  such  a  public  way  that  it  may  become  generally  known, 
prior  to  the  filing  of  such  foreign  applications. 

28  I  may  here  make  reference  to  an  international  treaty  known 
as  The  International  Convention  for  the  Protection  of  Industrial 
Property,  which  was  concluded  at  Paris  in  1883.  Under  the  terms 
of  this  treaty,  applications  for  patent  may  be  made  in  any  country 
which  is  a  party  thereto  within  one  year  from  the  date  of  the  earliest 
application  (not  grant)  in  any  other  country,  regardless  of  whether 
there  has  been  any  publication  or  public  knowledge  in  the  meantime. 
When  the  latter  application  is  made,  the  date  thereof  is  carried 
back  to  the  date  of  the  earliest  application  elsewhere,  the  application 
being  treated  exactly  as  if  it  had  been  made  upon  such  earlier  date. 
There  is  a  disadvantage  to  the  applicant  in  this,  in  that  in  most  foreign 
countries  the  letters  patent  commence  to  run  from  the  date  of  the 
application,  so  that  the  effect  of  the  filing  in  this  way,  under  the 
t«nns  of  the  international  convention,  is  to  shorten  the  life  of  a 
patent.  This,  of  course,  is  far  outweighed  by  the  advantage  of 
being  able  to  overcome  a  publication,  or  a  patent  applied  for  pre- 
viously by  another  applicant,  but  subsequent  to  the  date  of  the 
earliest  application  elsewhere  by  the  applicant  now  seeking  pro- 
tection. 

29  The  second  difference  to  be  noted  is  that  in  many  foreign 
countries,  Canada  being  again  a  notable  exception,  the  applicant 
for  the  patent  right  need  not  be  the  inventor.  It  is  sufficient  that 
"^  be  in  possession  of  the  invention  and  is  the  first  to  apply  for  a 
Patent  thereon.  In  the  United  States  the  patent  right  may  be 
P^^ted  to  an  assignee,  but  the  application  must  be  made  by  the 
wtual  inventor,  and  this  also  is  true  in  Canada,  but  in  many  other 
countries  the  name  of  the  real  inventor  need  not  appear  at  all. 

30  The  third  point  of  difference  to  be  noted  is  that  when  once 
*  United  States  patent  has  been  issued  there  is  no  further  payment 
due  to  the  government  thereon.     In  most  foreign  countries  the 
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patent  is  taxed  from  time  to  time  during  its  life.  This  tax  is  rela- 
tively small  in  some  countries,  while  in  others  it  is  considerable. 
Again  in  some  countries  it  is  a  fixed  amount  at  stated  intervals, 
while  in  other  countries  it  is  a  progressively  increasing  amount  at 
stated  intervals,  such,  for  instance,  as  yearly.  If  these  taxes  are  not 
paid  as  they  become  due  the  patent  privilege  ceases,  so  that  while 
in  the  United  States  a  patent  is  granted  unconditionally  for  a  term 
of  17  years,  in  most  foreign  countries  the  patent  is  granted  for  a 
varying  term  of  years  conditioned  upon  the  prescribed  taxes  being 
paid  as  they  fall  due,  and  upon  the  compliance  with  other  require- 
ments such  as  the  industrial  working  thereof,  to  which  I  will  now 
refer. 

31  The  fourth  essential  difference  to  be  noted  between  United 
States  and  foreign  patents  is  that  in  most  foreign  countries  there 
is  some  provision  whereby  it  is  required  that  the  invention  be  indus- 
trially worked  in  the  country  granting  the  patent,  within  a  specified 
term  of  years,  and  as  a  rule  continuously  thereafter,  while  in  the 
United  States  there  is  no  such  provision  or  requirement.  In  some 
countries,  of  which  Canada  is  an  example,  the  patent  privilege 
automatically  ceases  if  the  invention  be  not  commercially  worked 
in  the  country  before  the  expiration  of  a  specified  period,  while  in 
other  countries  provision  is  made  that  upon  application  a  patent 
may  be  judicially  annulled  if  there  is  no  adequate  commercial  work- 
ing after  a  stated  period  has  elapsed.  Closely  in  line  with  this 
requirement  is  a  provision  in  many  countries  that  importation  into 
the  country  after  a  specified  period  will  be  cause  for  the  termination 
of  a  patent  privilege. 

SUMMARY 

32  My  purpose  in  bringing  the  foregoing  to  the  attention  of  the 
members  of  The  American  Society  of  Mechanical  Engineers  is  of  a 
twofold  nature.  First,  I  thought  that  the  matter  contained  therein 
would  be  of  general  interest  to  a  body  of  men,  a  large  proportion  of 
the  members  of  which  are  themselves  inventors,  or  are  interested 
in  inventions;  second,  I  wish  to  give  inventors  and  those  interested 
in  inventions  the  following  warnings: 

a  Not  to  take  it  for  granted  that  the  possession  of  a  patent 
entitles  the  patentee  to  make,  use,  or  sell  the  invention 
protected  thereby. 
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b  Not  to  assign  undivided  portions  of  a  patent  right  unless 
such  assignment  be  accompanied  with  a  partnership 
agreement  and  preferably  with  an  agreement  providing 
that  no  further  rights  be  granted,  or  assignments  given, 
except  over  the  signatures  of  all  of  the  owners  of  the 
patent. 
c  To  see  that  the  claims  in  their  patents  adequately  and 

properly  cover  the  invention. 
d  Not  to  permit  any  publication  or  public  knowledge  of  the 
invention  to  take  place  prior  to.  the  application  for  foreign 
patent  where  foreign  patents  are  to  be  obtained. 
33     It  is  my  experience  that  the  failure  to  procure  proper  and 
adequate  patent  protection,  or  to  retain  it  should  it  have  been 
acquircKly  is  in  a  large  proportion  of  the  cases  directly  traceable  to 
a  want  of  understanding  or  comprehension  of  the  foregoing,  or  to  a 
direct  disregard  of  such  warnings  as  I  have  given. 
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It  would  probably  be  assumed  by  the  ava*age  mechanical  engineer 
that  the  c^nent  industry  lay  in  the  field  of  chemistry.    While  it  is 
true  that  in  the  early  days  of  the  industry  the  chemist  occupied  the 
most  important  position,  the  mechanical  engineer  is  at  the  head  of 
our  great  plants  and  the  chemist  has  degenerated  into  a  very  sub- 
ordinate official.    There  are  reasons  for  this  change,  the  most  impor- 
tant one  being  that  it  is  easier  for  the  mechanical  engineer  to  pick  up 
the  necessary  chemical  knowledge  than  it  is  for  the  chemist  to  acquire 
the  requisite  mechanical  training.    Again,  the  rigid  requirements  as 
bad  down  by  the  early  chemists  for  the  manufacture  of  a  passable 
product  are  no  longer  recognized  as  true  since  we  have  learned  so 
much  more  about  the  technology  of  cement.    As  a  result  we  have 
been  having  the  development  of  the  plant  as  against  the  process,  and 
the  mechanical  engineer,  of  course,  plays  the  most  important  part  in 
such  plant  development. 

2  What  we  today  understand  as  Portland  cement  is  a  certain  com- 
pound of  siUca,  alumina  and  Ume  in  the  proportions  of  Si02,  20  to  23 
per  cent;  AljOt,  8  to  10  per  cent;  and  CaO,  62  to  65  per  cent.  It  is 
liot  possible  to  obtain  these  ingredients  in  large  quantities  in  a  state 
of  absolute  purity  and  we  frequently  find  alumina  replaced  by  ferric 
oxide,  up  to  3  per  cent,  and  lime  by  magnesia,  up  to  2  or  3  per  cent, 
^  that  actual  cements  as  found  on  the  market  diverge  slightly  from 
^  above  analyses  without,  however,  suffering  greatly  in  their  phys- 

^Aflsociate  Professor  of  Metallurgy,  Lehigh  University. 

^^'eaented  at  the  Spring  Meeting,  Pittsburgh  1911,  of  The  American  Soci- 
^  OP  Mechanical  Engineers. 
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ical  properties.  It  must  also  be  remembered  that  the  well-known 
Portland  cement  is  only  one  of  a  dozen  chemical  compounds  which 
harden  or  set  when  mixed  with  water  and  that  it  has  attained  its  great 
importance  because  of  the  ease  and  cheapness  with  which  it  can  be 
manufactured  and  not  because  of  any  pecuUar  properties  not  possessed 
by  certain  other  compounds. 

3  Simply  the  mechanical  mixing  of  silica,  alumina  and  lime  in  the 
above  proportions  will  not  yield  a  compound  possessing  the  proper- 
ties of  Portland  cement.  It  is  essential  that  these  ingredients  be  in  a 
manner  combined,  not  exactly  as  a  true  chemical  compound,  but 
rather  as  a  physico-chemical  solution  of  one  or  more  chemical  com- 
pounds in  each  other.  The  mixture  must  be  finely  ground  before  it 
will  exhibit  the  characteristic  setting  property.  The  best  and  practi- 
cally the  only  way  in  which  such  a  union  can  be  attained  is  by  a 
complete  or  partial  fusion  of  the  silica,  alumina  and  lime  mixture. 
Such  a  partial  fusing  is  called  sintering  or  clinkering. 

4  All  the  laws  of  physical  chemistry  relating  to  the  formation  of 
slags  and  fused  mixtures  apply  also  to  the  formation  of  the  clinker, 
a  few  of  the  more  important  facts  being  here  mentioned.  The  melt> 
ing  point  and  the  clinkering  temperature  are  dependent  on  the  purity 
of  the  mass  clinkered,  being  lowered  by  the  presence  of  such  impuri- 
ties as  oxide  of  iron,  magnesia,  alkalies,  etc.  It  is  a  well-recognised 
fact  that  the  so-called  white  or  stainless  cements  require  a  much  higher 
temperature  for  clinkering  than  the  dark  colored  and  more  impure 
mixtures.  The  temperature  required  for  chnker  formation  depends 
on  the  intimacy  of  the  contact  of  the  various  clinkering  ingredients; 
the  finer  the  individual  materials  are  ground  the  lower  the  tempera- 
ture required. 

5  Since  we  know  that  such  a  thing  does  not  exist  as  an  over- 
burned  cement,  a  fusion  of  the  properly  proportioned  ingredients 
would  solve  the  question  of  a  homogeneous  product.  But  such  a  fusion 
has  not  proved  advisable  in  practice  and  the  cement  manufacturer  has 
had  to  content  himself  with  a  sintered  or  clinkered  product,  that  is, 
one  which  has  been  raised  in  temperature  to  a  sticky  or  viscous  stage 
and  not  actually  liquified.  As  such  clinkered  product  is  at  no  time 
a  mobile  liquid  we  cannot  depend  on  liquid  diffusion  for  the  proper 
mixing  of  the  sihca,  alumina  and  lime  but  must  do  such  mixing  pur- 
posely. To  insure  the  necessary  contact  between  these  ingredients  so 
that  they  can  unite  chemically  to  a  homogeneous  whole  when  in 
the  state  of  fusion  which  is  only  incipient,  they  must  be  most  finely 
ground  and  most  thoroughly  mixed.    Therefore  the  fifst  stage  in  all 
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cement  processes,  as  at  present  practised,  is  a  preliminary  grinding 
and  mixing  of  the  raw  materials. 

6  The  first  consideration  in  the  grinding  of  a  material  is  a  study  of 
^  properties  of  the  material  to  be  gromid.    This  in  torn  leads  us 
to  a  description  of  the  raw  materials  entering  into  the  manufacture 
of  Portland  cement.    Of  first  importance  among  these  is   cement 
1^,  an  argillaceous  limestone,  lying  both  in  composition  and  in 
geological  position  between  the  true  limestones  and  the  slates.    It 
is  a  natural  mixtiu^  of  carbonate  of  lime  and  clay,  which  on  heating 
to  the  clinkering  temperature  loses  its  combined  water  and  carbonic 
add  and  unites  together  into  a  fritted  mass  of  the  desired  composi- 
tion and  properties.    It  is  shaly  in  nature,  not  very  hard,  and  of  vary- 
ing degrees  of  toughness.    In  several  favored  parts  of  the  country, 
as  for  instance  one  or  two  places  in  the  Lehigh  Valley  region,  this 
it)ck  needs  no  further  treatment  than  quarrying,    comparatively 
coarse  crushing  and  burning,  to  form  a  first*class  clinker.    Usually 
the  ingredients  are  not  present  in  the  natural  rock  in  exactly  the 
desired  proportions  and  the  one  lacking,  generally  lime,  must  be 
added.    Sometimes  in  this  region  there  will  be  two  strata  or  benches 
^  the  same  quany  so  constituted  that  by  mixing  rock  from  the  two 
ui  certain  proportions,  the  silica,  alumina  and  lime  will  be  in  the  desired 
proportions  in  the  clinkered  product. 

7  Where  materials  are  found  to  be  so  near  the  desired  composition  as 

^  require  practically  no  mixing,  the  grinding  is  a  simple  proposition. 

^y  such  fineness  would  be  required,  if  the  rock  were  of  uniform  com- 

P^tion,  as  would  insure  the  kiln  producing  a  properly  burned  product 

^en  run  at  a  predetermined  capacity.    This  would  really  be  a  sizing 

"^ther  than  a  grinding.    On  the  other  hand,  if  the  rock  is  non-homo- 

feneous  or  requires  some  mixing  to  make   a  properly  constituted 

^iJDker,  then  finer  and  finer  and  finer  grinding,  proportionate  to  the 

"Vee  of  non-homogeneity  or  amount  of  mixing  required,  must  be 

"One  to  enable  the  mixture  to  attain  the  composition  desired  in  the 

^^iiJcer,    No  hard  and  fast  rule  can  be  laid  down  for  the  required 

fineness  of  grinding.    It  must  be  suited  to  the  individual  case,  remem- 

f^^ing  that  sometimes  the  financial  success  of  the  plant  depends  on 

Dating  a  passable  product  with  the  coarsest  allowable  grinding.    The 

Uq  temperature,  as  well  as  the  length  of  time  the  mass  is  subjected 

to  this  temperature,  influences  the  required  fineness  of  grinding.    The 

finer  the  grinding  the  easier  the  clinkering  and,  therefore,  the  capacity 

^d  coal  consumption  of  the  kilns  are  directly  proportional  to  the  fineness 

of  the  ground  mix  fed  in.    It  has  been  found  in  practice  within  the 
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past  few  years  to  be  more  economical  to  grind  very  fine  before  burn- 
ing, even  though  such  a  degree  of  fineness  of  the  raw  material  would 
not  actually  be  required  to  make  a  satisfactory  clinker.  In  other 
words,  the  coal  used  to  drive  the  grinding  machines  to  produce  this  extra 
fineness  is  less  than  that  saved  in  the  kiln,  and  at  the  same  time  the 
capacity  of  the  kiln  is  greatly  increased.  It  has  also  been  said,  though 
I  cannot  verify  it  from  actual  observation,  that  the  finer  the  grinding 
of  the  raw  material  the  easier  the  clinker  is  to  grind  afterwards.  This 
might  be  explained  by  the  fact  that  the  lower  temperature  at  which 
the  finer  mix  clinkers  leads  to  the  formation  of  a  softer  clinker.  In 
that  case  the  power  put  into  the  preliminary  grinding  would  at  least  be 
partially  saved  in  the  finishing  department.  A  more  thorough  study 
of  this  question  is  one  of  our  problems. 

8  But  it  must  not  be  understood  that  the  manufacture  of  cement  is 
confined  to  those  favored  localities  in  which  cement  rock  is  found. 
A  mixture  of  clay  and  limestone  can  be  prepared  artificially  of  such 
composition  that  when  the  combined  water  in  the  clay  and  the  carbonic 
acid  of  the  limestone  are  driven  off  by  heating,  the  residue  will  form 
clinker  of  the  desired  composition.  Here  we  have  materials  of  entire- 
ly different  composition  and  nature  to  be  mixed,  and  the  grinding  of 
each  must  be  exceptionally  fine  in  order  that  they  may  combine  under 
ecomonical  conditions  of  kiln  running.  It  is  recognized  by  cement 
men  that  the  manufacture  of  a  satisfactory  cement  from  limestone  and 
clay  entails  a  different  mill  equipment  from  that  in  use  in  the  Lehigh 
Valley  region,  where  the  raw  material  is  a  nearly  perfect  cement  rock. 
Such  raw  materials,  to  be  properly  mixed,  muLst  be  ground  so  that 
practically  all  will  pass  a  100-mesh  screen  and  nearly  all  a  200-me8h. 

9  Other  raw  materials  available  are  marl  mixed  with  limestone  or 
clay,  shale  mixed  with  limestone,  and  even  blast-furnace  slag  mixed  with 
limestone.  This  latter  material  is  at  present  receiving  a  great  deal 
of  attention  from  cement  men.  The  iron  blast-furnace  slag  is  com- 
posed of  silica,  lime  and  alumina,  and  by  the  addition  of  limestone, 
clinker  of  the  desired  composition  can  be  produced.  It  has  the  ad- 
vantage of  being  a  waste  product  which  the  furnaces  are  glad  to  get 
rid  of  and  at  the  same  time  needs  no  quarrying  or  coarse  grinding, 
since  it  is  granulated  in  water  when  tapped  from  the  blast  furnace. 
All  materials  like  clay  and  limestone  require  exceedingly  fine  grind- 
ing (all  through  100  mesh,  50-70  per  cent  through  200  mesh)  in  order 
to  insure  proper  combination  in  the  kiln. 

10  It  is  not  possible  to  discuss  in  detail  the  many  problems  con- 
nected with  fine  grinding  of  the  large  quantities  of  rock  and  clay  whicb 
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the  cement  industry  bandies.  In  quarryii^  the  rock  the  percussion 
drill,  such  as  is  used  in  the  digging  of  ordinary  drilled  wells,  is  largely 
used  for  making  the  blasting  holes,  a  series  of  holes  being  drilled  along 
the  face  of  the  quarry  15  to  20  ft.  back.  The  author  has  seen  single 
blasts  bring  down  from  20,000  to  40,000  tons  of  rock.  After  blasting, 
the  rock  is  loaded  up  into  dump  cars  in  many  quarries  by  the  use  of 
a  steam  shovel.  These  cars  are  moved  to  the  foot  of  the  hoisting 
incline  by  gravity  or  mule  power,  and  are  pulled  up  by  a  donkey  engine. 
Much  engineering  skill  must  be  brought  to  bear  on  the  econom- 
ical bridling  of  the  quarried  rock  in  the  quarry  itself.  After  arriving 
at  the  top  of  the  quarry  the  car  is  nm  into  the  crushing  house,  where 
the  stone  is  weighed  and  dumped  into  the  first  crushing  unit. 

11  American  and  European  practice  differ  in  the  size  of  this  first 
crusher,  which  is  almost  universally  of  the  gyratory  type.  With  us,  hand 
labor  is  expensive  and  must  be  dispensed  with  wherever  possible.  We 
therefore  build  this  unit  as  large  as  is  required  to  take  any  single  piece 
of  rock  which  the  steam  shovel  can  load  into  the  dump  car.  When  such 
a  carload  is  dumped  into  the  crusher  the  driving  motor  of  the  crusher 
suffers  a  momentary  peak-load  as  the  rock  goes  through,  which  load  then 
drops  off  to  nothing  until  the  next  car  arrives.  These  crushers  some- 
times take  a  piece  of  rock  30  to  36  in.  in  diameter,  using  at  the  peak  250 
hp.  In  EJurope,  the  rock  as  quarried  is  broken  much  smaller,  usually 
by  hand  sledging,  thereby  permitting  the  use  of  a  number  of  smaller 
gyratories,  and  so  distributing  the  load  on  the  motor  more  uniformly 
throughout  the  day.  In  our  country  the  first  large  coarse  crushers 
we  followed  by  smaller  ones  of  the  same  type,  and  in  the  newer  mills 
these  are  driven  from  the  same  power  source  as  the  larger  ones . 

12  The  advisabiUty  of  using  the  very  largest  types  of  crushers  made 
w  a  much  discussed  point  among  cement  men.  When  one  considers 
that  the  very  large  pieces  of  rock  quarried  are  the  exception  rather  than 
the  rule  and  that  the  crusher  is  rarely  called  upon  to  take  one  the  size 
^its  opening,  it  seems  questionable  to  fit  a  mill  with  such  a  machine. 
A  stick  of  dynamite  laid  on  such  a  large  piece  will  easily  reduce  it  to 
*  size  readily  handled  by  the  smaller  crushers  (even  in  this  case  larger 
than  the  European  crushers),  and  so  eliminate  the  enormous  peak  loads 
^d  expensive  machinery.  Several  large  new  mills  have  not  provided 
themselves  with  the  largest  procurable  type  of  crushers  made,  even 
though  their  output  would  warrant  it.  This  question  of  crusher  size  is 
Mother  of  the  problems  of  cement  manufacture  awaiting  final  solution. 

13  The  drying  of  the  product  of  the  gyratories  is  the  next  stage  in 
cement  manufacture.    The  fineness  to  which  the  material  is  to  be 
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ultimately  ground  makes  it  necessary  to  remove  all  hygroscopic  moist- 
ure, otherwise  clogging  of  screens  and  cutting  down  of  capacity 
of  the  fine  grinding  mills  would  result.  The  driers  are  cylindrical 
steel  shells  capable  of  being  rotated  on  their  axes  and  are  set  slightly 
inclined  in  order  to  insure  progressive  motion  of  the  charge  through 
them.  The  wet,  coarsely  crushed  material  is  fed  in  at  the  upper  end 
and  hot  gaseous  products  from  a  coal  fire  or  natural  gas  flame  pass  in 
at  the  lower  end  and  over  the  charge  to  be  dried.  They  are  frequently 
provided  with  buckets,  formed  of  Z-bars  riveted  to  their  inner  surface, 
to  pick  up  the  rock  and  carry  it  part  way  around  and  so  drop  it  through 
the  gases  passing  through  the  drier  and  at  the  same  time  advance 
it  through  the  kiln.  At  times  they  are  divided  into  compartments 
to  insure  closer  contact  between  the  heating  gases  and  the  rock,  but 
this  design  is  gradually  dropping  out  of  use.  The  great  decrease  in 
capacity  of  a  compartment  drier  over  the  ordinary  type  more  than 
offsets  the  greater  heat  transfer  from  the  gases  to  the  feed.  It  is  only 
recently  that  attempts  have  been  made  to  utilize  the  hot  gases  from 
the  kilns  to  perform  the  drying  of  the  mix.  Several  such  installations 
have  recently  been  made  and  are  working  with  great  success. 

14  The  drying  of  clay  for  fine  grinding  presents  an  unusual  problem, 
because  after  being  dried  it  must  be  used  inmiediately,  as  it  again 
takes  up  moisture  from  the  atmosphere.  This  usually  results  in  a 
double  drying  operation:  first  just  before  disintegration,  after  which 
it  goes  into  storage,  and  a  second  drying  after  lying  in  storage  and  just 
before  final  grinding. 

1 5  From  the  driers  the  rock  passes  to  one  of  the  various  types  of  fine 
grinding  mills,  such  as  the  ball  and  tube  mills,  or  mechanical  mills 
like  the  Griflin  and  Fuller.  The  excellent  catalogues  furnished  by 
the  manufacturers  of  this  class  of  machinery  make  a  detailed  de- 
scription unnecessary  here  and  reference  is  made  to  them  with  full 
confidence  in  the  reliability  of  the  data  there  found.  The  product 
leaves  these  mills  so  finely  ground  that  more  than  half  of  it  will  usually 
pass  a  screen  of  200  meshes  to  the  linear  inch.  It  has  been  universal 
practice  to  fit  the  mechanical  mills  with  screens  (no  screens  in  the  tube 
mills)  of  30  to  40  mesh  openings,  through  which  the  product  of  the  mill 
has  to  pass  before  discharge.  Such  screens  are  placed  so  that  the  ma- 
t(TiaI  discharged  from  the  mill  strikes  them  at  an  acute  angle  and  the 
full  size  of  the  opening  is  never  available  to  the  discharged  product. 
Recently  air  separators  have  been  tried  as  a  substitute  for  the  ex- 
pensive and  troublesome  screens.  The  success  of  this  installation  is 
doubtful,  for  the  conditions  under  which  air  separators  work  most 
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efficiently  are  not  the  conditions  under  which  ground  material  should 
be  prepared  for  the  cement  industry.  A  word  of  explanation  will 
make  this  clear. 

16  The  screens  having  been  entirely  removed  from  the  mill  or  re- 
placed by  much  coarser  ones  permit  a  continuous  supply  of  partially 
ground  material  to  pass  to  the  air  separator  for  sizing,  say  to  100  or  200 
mesh  as  desired,  the  oversize  being  returned  to  the  mills  for  further 
grinding.  With  proper  operation  of  such  an  air  separator  very  little  of 
the  material  vrill  be  groimd  finer  than  the  air  separator  is  adjusted  to 
sort  out.  Now  it  is  a  well-known  fact  that  the  finer  the  materials  enter- 
ing into  cement  manufacture  are  ground,  the  better  the  product  made. 
Snce  air  separation  furnishes  a  very  uniformly  sized  product,  this  desir- 
able extra  fine  grinding  is  eliminated.  The  screens,  on  the  other  hand, 
offer  difficulty  to  the  passage  of  product  out  of  the  mill,  keeping  a  large 
part  of  the  charge  under  grinding  influence  for  some  time  after  it  has 
reached  screen  size,  reducing  it  finer  and  finer  in  size.  Thus  some  of 
the  product  discharged  from  a  mill  having  30  to  40  mesh  screens  may 
be  500  or  1000  mesh  in  size,  a  condition  not  reaUzed  in  highly  de- 
veloped air  separation.  It  is,  however,  admitted  that  air  separation 
leads  to  greater  capacity  of  output  of  the  grinding  unit,  though  at  the 
expense  of  quality. 

17  So  far  nothing  has  been  said  of  the  mixing  of  the  raw  materials 
to  insure  proper  composition  of  the  finished  cement.  This  mixing  prac- 
tice has  varied  greatly.  Originally  the  several  ingredients  were  ground 
separately,  mixed  with  water  until  thin  enough  to  flow  readily,  and 
streams  of  each  run  upon  a  drying  floor.  Their  fluidity  insured 
naixing.  After  drying  for  some  time,  the  mass  was  rolled  into  balls 
or  pressed  into  bricks,  and  stored  until  ready  for  charging  into  the 
chnkering  furnaces.  Today  this  practice  is  obsolete  and  in  its  place 
we  have  the  two  great  systems  under  which  modern  mills  operate. 
Tl^y  are  known  as  the  wet  and  the  dry  processes,  their  chief  diflfer- 
^oes  being  based  on  the  operation  of  mixing.  In  the  wet  process 
^  two  ingredients  are  ground  separately,  mixed  with  water  until 
^  enough  to  flow,  pumping  assisting  in  this  conveying  if  necessary, 
*Dd  are  charged  in  approximately  the  desired  proportions  into  large 
agitating  tanks  for  mixing.  The  final  adjustment  of  the  composi- 
^on  is  made  in  these  tanks.  The  wet  mixture  is  then  pumped  from 
^  tanks  directly  to  the  kihis. 

18  In  the  dry  system  the  properly  weighed  and  proportioned  ma- 
terials are  first  separately  crushed  in  the  coarse  crushers,  and  are  UkI 
together  into  the  fine  grinding  mills,  practice  varying  somewhat  as  to 
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the  exact  mill  into  which  the  two  materials  first  come  into  contact. 
The  operation  of  grinding  performs  all  the  mixing  required.  For 
the  same  material  it  is  supposed  that  finer  preliminary  grmding  is 
more  necessary  in  the  dry  process  than  in  the  wet  for  the  same  quality 
of  cement.  It  seems  to  the  author  useless  to  add  50  to  100  per 
cent  of  water  to  a  mass  of  ground  material  and  then  to  evaporate 
that  water  again,  when  the  dry  process  is  working  so  satisfactorily. 

19  A  good  many  changes  have  been  made  in  the  arrangement  of  the 
preliminary  or  raw  grinding  side  of  the  mills  as  the  industry  developed. 
It  is  expensive  to  handle  material  and  to  transmit  power.  In  the 
older  days  of  the  central  power  plant  and  hneshaft  drive,  the  mills 
were  arranged  solely  with  a  view  to  economy  of  power  transmission 
and  much  handling  of  the  material  between  the  various  crushing  and 
grinding  units  was  the  result.  Today  the  individual  motor  drive  is 
supreme,  with  the  result  that  I  have  seen  modern  mills  so  laid  out 
that  there  is  scarcely  any  handling  of  material  in  the  whole  grinding 
department,  the  first  elevation  occurring  into  bins  above  the  kilns. 
Gravity  was  used  to  feed  from  one  unit  to  the  next.  Such  an  arrange- 
ment is  not  always  the  most  advantageous  when  it  comes  to  a  break- 
down; and  the  mill  must  be  built  on  a  hillside,  which  means  awk- 
wardness in  handling  repair  parts.  The  ideal  mill  would  probably 
require  at  least  three  elevators  in  this  department,  and  since  the  power 
required  by  such  elevators  would  be  hardly  over  two  or  three  per 
cent  of  the  total  power  installation  of  the  plant,  it  is  really  not  a  seri- 
ous item. 

20  Another  feature  of  mill  design  receiving  attention  is  storage 
capacity.  The  rough  handling  of  the  machines  causes  them,  rugged  as 
they  are,  to  be  laid  off  for  repairs.  It  is  necessary,  to  insure  rimning  of 
the  mill  to  provide  ample  storage  capacity  between  the  various  classes 
of  grinding  machinery  so  that  a  stoppage  of  one  part  will  not  cause  the 
shutdown  of  the  entire  mill.  Several  very  recent  mills  have  provided 
storage  capacity  as  follows:  a  4-day  supply  of  gyratory  dischargei  a 
12-hour  supply  of  ball  mill  feed,  a  12-hour  supply  of  finishing  mill 
feed  and  a  24-hour  supply  of  kiln  feed.  It  must  be  remembered  that 
climatic  conditions  have  a  marked  influence  on  the  consideration  of 
storage  capacity. 

2 1  The  kilns  originalh'  used  for  burning  the  mix  to  clinker  were  fixed 
vertical,  bottle-shaped  furnaces.  The  balls  or  bricks  made  by  the  old 
wet  process  previously  described  were  fed  in  at  the  top  and  the  burned 
product  dra^vn  out  at  the  bottom.  The  product  was  so  irregularly 
burned  that  hand  sorting  had  to  be  employed  to  pick  out  the  under- 
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burned  product,  this  portion  containing  uncombined  lime  and  not 
being  suitable  for  the  manufacture  of  a  sound  cement.  While  the  fuel 
consumption  of  such  a  kiln  is  much  below  that  of  the  usual  rotary  kiln, 
the  labor  and  attendance  charges  are  very  high  and  the  apparatus 
has  been  obsolete  in  this  country  for  many  years.  Even  Germany, 
a  country  of  cheap  labor,  is  now  replacing  this  type  of  kiln  by  our  own 
rotary  design. 

22  The  modern  rotary  kiln  consists  of  a  cylindrical  steel  shell  lined 
with  refractory  material  and  supported  on  rollers  in  cradles,  its  axis 
being  slightly  inclined  from  the  horizontal.  A  rotation  on  its  bearings 
is  secured  through  one  of  the  many  types  of  variable-speed  transmis- 
sion. Its  upper  end  enters  into  what  is  called  the  chimney  hood, 
ar  dust  tr{^  and  chimney  support  combined,  and  its  lower  end  into 
another  movable  hood  adapted  for  the  discharge  of  clinker  and  the 
entry  of  fuel  nozzles  for  pulverized  coal,  gas  or  oil.  Pulverized  coal  is 
the  most  widely  used  fuel  in  cement  burning.  In  size  these  kilns  vary 
from  60  ft.  long  and  5  ft.  in  diameter  up  to  240  ft.  long  and  12  ft. 
in  diameter.  The  output  of  a  kiln  is  not  easily  determined,  as  it  varies 
much  with  the  nature  of  the  product  to  be  cUnkered,  the  degree  of 
fineness  of  the  feed,  the  moisture  to  be  evaporated,  and  whether  the 
driving  demands  are  for  efficiency  of  operation  or  for  capacity.  Great 
capacity  is  not  sjmonymous  with  high  efficiency  in  a  cement  kiln.  For 
example,  a  60-ft.  kiln  in  the  Lehigh  region  will  have  a  capacity  of  200 
bbl.  of  clinker  per  day  and  the  240-ft.  kiln  of  approximately  2500  bbl. 
per  day.  The  lining  of  the  kihi,  at  least  at  the  hot  end,  is  either  of 
bauxite  or  magnesite  brick  in  the  majority  of  installations,  though  a 
IwgUy  refractory  fire-clay  may  be  used.  Ether  of  the  first  two  linings 
^  of  a  DDiuch  higher  heat  conductivity  than  the  latter. 

23  One  of  the  features  of  kiln  design  needing  the  attention  of  the 
hel  engineer  is  the  stack.  One  sees  on  the  same  sized  kilns  stacks 
of  all  heights  and  diameters  and  not  all  can  be  highly  efficient  and 
economical.  Some  steps  should  be  taken  to  investigate  this  question 
*^d  to  formulate  a  standard  design  embodying  economy  and  efficiency. 

24  Some  of  the  finely  ground  material  fed  into  the  kiln  is  picked 
^P  by  the  gases  passing  through  the  kiln  and  passes  into  the  chimney. 
Provision  must  be  made  in  its  design  for  settling  out  as  much  as  pos- 
sible of  this  dust,  and  too  often  one  sees  a  narrow  chimney  on  a  kiln 
^^*nying  out  clouds  of  finely  ground  material  and  scattering  it  for 
^es  over  the  surrounding  country.  This  material  consists  of  the 
extreme  fines  bo  greatly  to  be  desired  in  the  product. 

26   The  physical  and  chemical  reactions  taking  place  in  the  raw 
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material  as  it  passes  through  the  kibi,  starting  with  its  chargmg  at  the 
higher  or  chimney  end  of  the  kiln,  are  as  follows:  Rise  in  temperature 
accompanied  by  evaporation  of  water,  if  present,  such  evaporation  hold- 
ing the  temperature  constant  at  about  100  deg.  cent,  in  the  wet  proc- 
esses; rise  in  temperature  up  to  about  300  deg.  cent,  where  any  chemic- 
ally combined  water  such  as  occurs  in  clay  is  driven  ofif,  the  rise  being 
less  rapid  during  such  dissociation;  rise  in  temperature  up  to  about  800 
deg.  cent.,  where  the  carbonic  acid  of  the  limestone  is  driven  off,  the 
rise  in  temperature  being  again  sharply  checked  by  the  heat  absorption 
occasioned  by  this  decomposition;  a  rise  in  temperature  up  to  that 
of  clinkering,  1200  to  1400  deg.  cent.,  depending  on  the  various  con- 
ditions existing  in  the  chemical  composition  and  physical  properties 
of  the  mix,  as  already  discussed;  rapid  rise  in  temperature  to  a  max- 
imum, at  times  higher  than  the  temperature  of  the  flame  in  the  .kiln, 
due  to  the  heat  of  combination  of  the  ingredients  in  forming  the  clinker; 
rapid  drop  in  temperature  as  the  material  is  discharged  from  the  kiln. 
It  is  not  possible  to  define  in  feet  and  inches  the  length  of  each  jsone 
because  of  the  variable  character  of  the  raw  material  in  each  cement 
producing  district  and  of  the  great  differences  of  kiln  length.  A  spe- 
cific case  was  discussed  in  the  pai)er^  read  before  the  Society  by  Mr. 
Soper. 

26  If  we  consider  for  the  time  being  the  charge  of  a  kiln  in  the  Le- 
high Valley  region  where  cement  rock  and  the  dry  process  are  used,  the 
net  heat  required  by  the  above  chemical  reactions  would  be  furnished 
by  the  combustion  of  about  16  lb.  of  average  long-flame  bitu- 
minous coal  per  barrel  of  clinker  formed.  This  amount  would  be  in- 
creased where  clay  and  the  wet  process  are  used  because  of  the  heat 
absorbed  in  evaporating  water  and  decomposing  the  hydrated  com- 
pounds. The  average  fuel  consumption  of  coal-fired  cement  kilns 
throughout  the  country  is  about  90  lb.  of  coal  per  bbl.  of  clinker, 
the  calorific  value  of  the  difference  between  this  figure  and  the  one 
just  given  being  lost  as  sensible  heat  in  the  discharged  clinker  and 
chinmey  gases  and  by  radiation  and  conduction  from  the  kiln  shell. 
Waste  of  fuel  of  this  magnitude  should  certainly  appeal  to  the  fuel 
engineer  as  well  worthy  of  attention,  particularly  if  he  considers  the 
magnitude  of  the  industry.  In  1910  this  country  made  nearly 
70,000,000  bbl.  of  cement.  It  is  only  recently  that  intelligent  attempts 
have  been  made  to  reduce  the  heat  losses  of  the  kiln,  or  to  utilirc  the 
waste  heat  in  other  operations.  A  feeble  attempt  has  been  made  in 
this  country  to  pass  the  hot  chimney  gases  (temperatures  averaging 

^he  Rotary  Cement  Kiln,  by  Ellis  Soper,  published  in  The  Journal  for 
October  1910. 
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500  deg.  cent.)  through  the  driers  and  so  eliminate  the  extra  fuel  re- 
quired in  that  part  of  the  plant.  Such  installations  are  very  success- 
ful. The  regeneration  of  the  heat  in  the  discharged  clinker  by  pass- 
ing it  through  an  under-cooler  and  preheating  the  incoming  air  has  not 
proved  satisfactory  in  many  installations  because  of  the  stupidity  of 
the  operators.  Where  properly  run,  this  sjrstem  is  saving  hundreds  of 
tons  of  coal  per  year.  The  main  trouble  has  been  that  the  kilns  be- 
came too  hot  and  the  clinker  stuck  to  the  sides,  all  because  the  kiln 
manager  did  not  deem  it  necessary  to  cut  down  the  fuel  when  heat 
units  were  fed  in  another  manner.  German  cement  manufacturers 
used  both  the  dryer  and  the  under-cooler  with  their  kilns  almost 
from  the  introduction  of  the  rotary  type.  It  is  only  since  the  pub- 
lication by  the  author  of  figures  on  radiation  from  kilns  and  the  means 
of  reducing  such  losses,  that  attempts  have  been  made  to  save  fuel  by 
the  installation  as  a  backing  to  the  usual  kiln  lining  of  a  new  heat 
insulating  material. 

27  It  is  not  impossible  to  conceive  of  the  use  of  a  different  and  more 
efficient  type  of  furnace  than  the  rotary  kiln  for  performing  the  clinker- 
ing  operation.  Surely  fuel  engineers  have  a  prize  well  worth  striving 
for  when  one  considers  that  a  saving  of  10  to  15  lb.  of  coal  per  bbl. 
of  clinker  means  a  saving  of  three-quarter  of  a  million  dollars  annually 
to  the  cement  industry. 

28  The  clinker,  after  leaving  the  kiln,  is  passed  through  a  series  of 
cooling  devices  to  dissipate  quickly  the  heat  it  contains,  and  is  then 
stored  m  heaps,  exposed  to  the  weather  to  age.  Cement  that  has  been 
underbumed  or  improperly  mixed  so  that  it  contains  free  lime  will  not 
P^  the  boiling  test.  If  allowed  to  remain  in  the  weather  for  some  time 
so  as  to  slake  this  lime  and  even  lose  some  of  it  by  solution,  the  cement 
P^pared  from  such  weathered  product  is  generally  of  improved  quality. 
Tkeagbgof  clinker  renders  it  softer  and  more  easily  ground,  increasing 
the  output  of  the  grinding  mills  as  much  as  50  per  cent.  The  ele- 
ctors and  overhead  devices  needed  to  handle  such  a  storage  are  not 
^nsive  nor  complicated.  The  increased  capacity  of  the  grinding 
"Chines  more  than  offsets  the  power  required  by  the  conveying  and 
^rage  machinery,  and  it  is  believed  that  the  consequent  ability  to 
pind  finer  also  offsets  the  bad  effects  of  any  uncombined  lime  which 
^y  be  present. 

29  After  being  recovered  from  the  aging  heaps  the  clinker  j^asses 
^^  the  final  grinding  department  of  the  mill.  This  is  similar  to  the 
'^^  grinding  department,  with  the  omission  of  the  gyratories  and  dry- 
^«  Gypsum  is  mixed  with  the  clinker  and  the  mass  then  passes 
to  the  grinding  mills  to  be  again  reduced  in  size.    As  we  have  seen 
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that  clinker  may  lie  ei^osed  to  the  weather  without  taking  up  water, 
there  must  be  a  maximum  size  of  particle  which  will  combine  it  with 
water.  This  has  been  variously  placed  at  about  150  mesh  size,  all 
particles  coarser  than  that  being  inert  in  the  finished  cement.  For  this 
reason  it  is  necessary  to  grind  so  that  the  greater  proportion  of  the 
product. will  again  pass  through  the  200  mesh  screen.  After  this 
grinding  the  cement  passes  to  the  stock  house,  where  it  is  stored  for 
packing  and  shipment.  It  is  now  packed  by  automatic  weighing 
and  packing  machines,  in  barrels  and  bags,  the  latter  predominating. 

30  The  important  subject  of  conveying  machinery  as  applied  to  the 
cement  mill  cannot  here  be  considered.  Buckets  are  used  for  elevating, 
air  not  proving  successful;  lump  material  like  clinker  is  carried  on 
belts  or  by  drags;  and  for  fine  material  the  screw  conveyor  has  no 
great  competitor. 

31  The  power  required  for  driving  the  mill  varies  very  much  with 
the  type  of  installation.  With  the  old  shaft  drive  it  was  not  infre- 
quent to  use  If  h.p.  per  bbl.  of  output  per  day.  Some  of  the  new 
motor-driven  plants  use  as  low  as  f  h.p.  per  bbl.  per  day,  and  the 
average  throughout  the  country  is  not  far  from  I J  h.p. 

32  With  the  decreasing  profit  in  cement  manufacture  the  difference 
between  the  minimum  and  the  average  power  requirements  as  given 
above  should  be  sufficient  to  cause  a  remodelling  of  power  plants  and 
transmission  machinery  in  the  older  mills.  The  gas  engine  should 
find  a  growing  field  in  this  industry  because  the  individual  machines 
lend  themselves  so  readily  to  motor  driving.  The  labor  requirement 
of  the  various  mills  seems  to  run  parallel  with  the  power  requirement. 
In  the  older  mills  8  bbl.  of  cement  per  day  per  man  employed  was  a 
good  average,  while  the  newer  mills  are  producing  16  bbl. 

33  Cost  figures  are  difficult  to  obtain  in  any  privately  controlled 
and  competitive  industry,  and  the  cement  industry  is  no  exception  to 
this  fact.  In  a  recent  presidential  address  before  a  scientific  society 
the  cost  of  cement  production  was  placed  at  approximately  10  lb.  for 
1  cent,  or  40  cents  per  bbl.  The  author  has  met  with  but  one  cost 
sheet  which  in  any  way  compared  with  this,  a  sheet  representative 
of  the  practice  of  a  certain  Western  mill  which  soon  went  into 
receivers'  hands  and  had  been  idle  a  great  part  of  the  time.  I  do 
not  believe  that  a  single  mill  in  the  country  is  putting  cement  into 
bags  at  that  figure,  for  in  most  it  barely  covers  fuel  and  labor  oost» 
alone.  The  Lehigh  region  is  producing  cement  as  cheaply  as  any^ 
in  the  country  and  we  have  to  strive  hard  to  cut  the  total  cost 
the  mill  below  55  to  60  cents  per  bbl.;  it  is  nearer  70  cents  for  th< 
Western  mills. 
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34  The  rapid  growth  of  concrete  construction  in  this  country  is 
caunng  unusual  interest  in  the  manufacture  of  cement,  most  of 
which  is  made  from  broken  stone,  a  material  which  also  constitutes 
about  two-thirds  of  the  bulk  of  ordinary  concrete.  This  paper  dis- 
cusses the  Edison  method  of  quarrying  and  crushing  stone,  both 
for  the  manufacture  of  cement,  flux*  "concrete,  railroad  ballast, 
macadam,  etc.,  and  ore  for  metallurgical  purposes. 

35  Some  years  ago,  Thomas  A.  Edison  experimented  with  the  con- 
centration of  a  very  lean  magnetic  iron  ore  at  Edison,  N.  J.,  employ- 
iiig  the  usual  plant  for  crushing  stone,  which  consisted  of  several  jaw 
crushers.  The  stone  in  the  quarry  was  drilled  with  a  close  spacing 
of  drilled  holes,  and  after  being  blasted  was  broken  up  by  hand  sledg- 
ing mto  pieces,  approximately  100  lb.  in  size.  This  caused  a  large 
expenditure  for  drilling,  dynamite,  hand-sledging  and  hand-loading. 
Mr.  Edison  soon  realized  that  in  concentrating  this  lean  iron  ore 
commercially  it  was  necessary  to  reduce  the  cost  of  quarrying  and 
cnishmg  to  a  much  lower  point  than  had  been  realized  heretofore  in 
operations  of  a  similar  character,  for  in  order  to  produce  one  ton  of 
concentrates  it  was  necessary  to  quarry,  crush  and  treat  about  four 
tons  of  the  lean  ore. 

36  In  approaching  this  problem,  Mr.  Edison  reasoned  ''the  total 
heat  or  energy  in  1  lb.  of  pea  coal  is  approximately  12,500  heat 
J^ts,  but  only  about  15  per  cent  of  this,  or  1875  B.t.u.,  is  available 
^  mechanical  energy  through  the  medium  of  boilers  and  steam  en- 

•  

Poes,  while  the  available  B.t.u.  in  1  lb.  of  nitro-glycerine  is  ap- 
proximately 3650.  Therefore,  in  50  per  cent  dynamite  there  is  avail- 
able 1825  B.t.u.  per  lb.,  or  the  same  mechanical  power  that  can  be  de- 
lved from  1  lb.  of  coal.    But  1  ton  of  pea  coal  is  worth  approxi- 

^esented  at  the  Spring  Meeting,  Pittsburgh  1911,  of  The  American 
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mately  $2.50,  while  1  ton  of  dynamite  is  worth  about  $250,  mi 
the  commercial  advantage  of  the  coal  over  the  dynamite  approxi- 
mately 100  to  1." 

37  Realizing  also  that  a  large  part  of  the  dynamite  used  in  ordinary 
quarrying  operations  was  expended  not  so  much  in  breaking  out  the 
stone  from  the  ledges  in  the  quarry,  but  in  reducing  this  stone  to  such 
sizes  as  could  be  handled  in  the  crushers,  he  set  out  to  design  a 
crusher  capable  of  taking  much  larger  stone.  He  first  constructed 
a  pair  of  rolls  5  ft.  long  and  6  ft.  in  diameter  having  small  protuber- 
ances on  the  surfaces,  as  shown  in  Fig.  1.  This  would  take  and  crush 
larger  pieces  than  the  jaw  crushers  then  in  use,  but  if  a  stone  were  fed 
to  the  rolls  greater  than  the  angle  of  grip  of  the  rolls,  it  would  ride  on 
top  and  rapidly  wear  down  the  knobs  on  the  plates  or  tear  the  plates 
from  the  surface  of  the  rolls. 
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Fia.  1    Original  Rolls  Patented  in  1895 


38  Mr.  Edison  then  invented  the  slugger,  consisting  of  two  rows  of 
high  knobs  on  one  roll  set  diametrically  opposite  (Fig.  2).  These 
knobs  were  put  on  with  the  idea  of  slugging  the  larger  stones  mechani- 
cally to  such  a  size  as  to  come  within  the  angle  of  grip  of  the  rolls. 
He  had  found  that  the  rolls  would  frequently  stop  on  receipt  of  a 
large  charge  of  stone,  not  having  sufficient  power  to  crush  the  rock. 
To  remedy  this  he  ran  the  rolls  at  a  much  higher  speed  than  when  they 
were  first  erected,  storing  up  sufficient  kinetic  energy  to  perform  the 
actual  crushing  operation.  This  increase  of  speed  accomplished  two 
purposes:  it  increased  the  kinetic  energy  and  delivered  a  much 
harder  blow  from  the  slugger  knobs. 
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3C     When  a  stone  is  received  by  the  rolls  larger  than  they  can 
grip,  it  tends  to  ride  on  top  of  the  rolls,  but  the  slugger  prevents 
this,  since  it  delivers  440  blows  per  minute  and  the  stone  must  rise 
two  or  more  inches  in  approximately  h  of  a  second  or  be  shattered. 
40    The  rolls  were  designed  primarily  to  reduce  the  expense  of 
quarr3ring,  which  is  usually  much  larger  than  the  crushing  costs, 
whatever  type  of  crusher  is  used.     In  order  to  do  this,  it  was  neces- 
sary to  set  the  drilled  holes  far  apart  and  to  blow  out  the  stone  or  ore 
in  large  pieceSi  thus  making  a  great  saving  in  both  drilling  and  blast- 
ing.  Mr.  Edison  also  had  two  steam  shovels  especially  constructed, 
much  heavier  than  any  previously  built,  and  special  cars  to  load,  trans- 
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port  and  dump  these  large  pieces  of  stone  into  the  rolls.  With  this 
combination  it  was  possible  to  reduce  the  cost  of  quarrying  and  crush- 
'^  to  about  one-fourth  of  what  it  had  been  when  using  the  jaw  crush- 
^^  About  the  time  these  improvements  in  quarrying  and  crushing 
were  made,  the  development  of  the  Mesaba  iron  ore  deposits  caused 
»wch  a  reduction  in  the  price  of  iron  ore  that  the  Edison  plant,  with  its 
extremely  low-grade  ore  was  unable  to  compete. 

41  Having  developed  these  crushing  rolls  and  much  other 
machinery  for  handling  and  milling  ore  or  stone,  Mr.  Edison  subse- 
quently projected  the  Edison  Portland  Cement  Company  and  there 
installed  the  set  of  5  ft.  by  5  ft.  rolls  shown  in  Figs.  3  and  4. 
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Fia.  3    Sectional  View  of  the  CKOSHWa  Plant  or  the  Ediboh  Port- 
LAMD  Cbment  Company 
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These  viewa  show  the  general  arrangement  of  the  crusher  house, 
coDtaining  4  sets  of  rolls,  which  reduce  the  stone  successively  from 
pieces  weighing  8  to  10  tons  to  ^in.  chips.  This  crusliing  plant 
has  been  in  operation  for  8  years. 

42    Before  Mr.  Edison  constructed  his  giant  rolls,  the  largest  rolls 
in   use  were  those  known  as  the  Cornish  rolls,  which  were  geared 


Fio.  6    DiAORAU  OF  Ceuent  Stone  Quabbt 


together.  The  kinetic  energy  of  a  pair  of  these  rolls,  16  in.  in  face. 
30  in.  in  diameter  and  lOOr.p.m.,  isSIOOft-Ib.  The  kinetic  enei^  of 
a  pair  of  5  ft.  by  5  ft.,  220  r.p.m.,  Edison  rolls  is  2,280,000  ft-lb.  The 
kinetic  energy  of  a  pair  of  Edison  rolls,  6  ft,  in.  m  diameter  by  7  ft.  long 
at  175  r.p.m.  is  4,217,000  ft-lb.  The  largest  gyratory  crusher  that 
the  writer  knows  of  has  a  42-in.  openiog;  that  is,  it  will  take  a  stone 
something  less  than  a  42-in.  cube,  while  the  Edison  6  ft.  by  7  ft.  gjant 
rolls  will  take  a  stone  about  7  ft.  cube.    The  42-in.  cubic  stone  weighs 
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approximately  3}  tons,  while  a  7-ft.  cube  weighs  approximately  28 
tona,  which  ia  probably  larger  than  can  be  handled  economically  by  the 
largest  steam  shovels  now  manufactured.  It  is  an  ordinary  occui^ 
rence,  however,  to  crush  a  stone  weighing  15  to  20  tons. 

43  The  cement  stone  quarry  of  the  Iklison  cement  plant  is  an 
open  cut  with  the  strata  running  vertically  or  approximately  so.  The 
stone  rises  from  60  ft.  to  80  ft.  above  the  floor  of  the  quarry,  with  a 
3-ft.  or  4-ft.  layer  of  clay  on  top,  which  is  removed  by  a  small  revolv- 
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ing  steam  shovel  and  loaded  into  carts.  Holes  are  drilled  with  a  churn 
drill  from  the  top  of  the  quarry  to  about  6  ft.  below  the  floor.  These 
holes  are  6  in.  in  diameter  and  about  20  ft.  apart  and  set  back  about 
20  ft.  from  the  face  of  the  quarry,  which  is  worked  on  two  sides,  i.  e.,  at 
A  and  B  (Hg.  6),  On  account  of  the  stratification,  indicated  in  the 
figure,  it  has  been  found  necessary  to  use  more  dynamite  when  working 
face  A  than  when  working  face  B.  While  working  B  the  holes  can  be 
spaced  at  least  twice  as  far  apart  when  using  the  same  amount  of 
dynamite  in  each  hole  as  in  those  on  face  A.    When  a  hole  is  drilled 
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it  is  usually  squibbed,  by  putting  30  to  50  lb.  of  dynunite  in  the 
bottom  of  the  hole  and  exploding  it.  This  enlai^es  the  bottom  of 
the  hole,  making  room  for  more  powder  at  this  pomt.  Then  the  holes 
are  loaded  with  60  per  cent  dynanute,  which  fills  up  the  portion 
which  has  been  squibbed  and  runs  up  to  about  the  level  of  the  quarry 
floor.  From  this  point  to  within  30  ft.  from  the  top  of  the  quarry  the 
hole  is  loaded  with  30  per  cent  dynamite.  The  remunder  is  tamped 
only,  no  powder  being  needed,  since  the  explosion  will  shear  off  the 
top  30  ft.  From  400  to  800  lb.  of  dynamite  is  put  into  each  hole,  and 
is  then  detonated  by  connecting  the  electric  exploders  to  a  600-volt 
circuit  from  the  power  plant.  The  usual  blast  is  from  6  to  14  holes. 
In  some  blasts  we  have  broken  down  60,000  tons  of  stone  at  one  time. 
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44  Steam  shovels  weighing  95  tons  are  used  to  load  this  stone  into 
special  steel  skips  for  transportation  to  the  crushing  plant  (Fig.  6.) 
In  loading  stones  of  this  kind,  it  is  necessary  to  handle  them  on  the 
teeth  of  the  steam  shovel  dipper  and  to  roll  them  off  into  the  skip. 
Steam  shovel  engineers  become  very  adept  in  doing  this,  frequently 
loading  a  5  or  8-ton  stone  in  20  seconds.  The  train  of  stoi^  is 
then  delivered  to  the  foot  of  the  incline  at  the  crusher  and  is  pulled 
up,  three  cars  at  a  time,  by  an  electric  hoist.  The  skip  is  loose  on  the 
car  and  is  dumped  by  another  electric  hoist,  as  shown  in  Fig.  3.  The 
entire  contents  of  the  car  slides  into  the  hopper  over  the  giant  rolls. 
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Two  distinct  actions  take  place  here:  first,  the  sledging  action  due 
to  the  rapid  blows  (440  per  minute)  of  the  slugging  knobs  in  striking 
the  pieces  of  stone  too  large  to  be  caught  by  the  angle  of  grip  of 
the  rolls;  second,  the  rolling  action  as  the  pieces  are  sledged  off  and 
caught  between  the  rolls.  It  requires  ordinarily  from  5  to  20  seconds 
to  reduce  to  6-in.  sizes  a  stone  weighing  6  or  8  tons. 

45  The  delivery  of  energy  is  so  great  in  crushing  stones  of  such 
sizes  in  so  short  a  time  that  the  rolls  at  once  slow  down  in  speed.  The 
writer  has  made  a  niunber  of  tachometer  tests  (Figs.  7  and  8)  showing 
the  action  of  these  rolls  while  crushing  a  stone.  To  make  these 
teste,  two  special  Schaeffer  and  Budenberg  recording  tachometers 
constructed  with  their  dials  geared  together,  so  they  revolved  in  unison, 
were  used.    The  recording  arms  of  the  tachometers  were  connected 

TABLE  2    MINUTES  LOST  ON  ROLL  CRUSHER 

GUmt      lot  36  In.    2d  36  In.    3d  36  In. 
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one  to  each  roll-shaft  and  the  dials  were  revolved  while  the  rolls  were 
^^r^^sWng  the  rock.  By  this  means  the  speed  of  one  roll  with  relation 
to  the  other  could  be  determined  at  any  instant.  The  tachometer 
chart  (Pig.  7)  shows  that  the  slugger  roll  dropped  in  speed  from  222 
r-p.m.  to  135  r.p.m.  while  crushing  an  8-ton  stone,  and  the  regular  roll 
(^g- 8)  dropped  from  220  r.p.m.  to  150  r.p.  n.,  when  they  slowly  re- 
gained speed  imtil  they  reached  normal. 

^  While  the  second  rock,  almost  as  large  as  the  first,  was  being 
crushed,  the  drop  in  speed  was  very  much  less.  This  may  have  been 
due  to  the  fact  that  the  stone  was  aheady  partly  shattered  by  dyna- 
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mite,  or  to  the  manner  in  which  it  struck  the  roll.  In  the  latter  case 
the  slugger  roll  ran  constantly  at  a  higher  speed  than  the  regular  roll. 
47  Fig.  9  is  a  chart  plotted  from  the  dial  records  on  the  first  stone 
crushed,  showing  the  reduction  in  speed  of  the  two  rolls  at  any  in- 
stant. From  this  chart  was  plotted  the  kinetic  energy  curve  for  each 
roll,  the  weight  of  each  being  about  25  tons.  The  variation  in  ki- 
netic energy  is  also  shown  for  the  slugger  roll  as  compared  with  the  reg- 
ular roll  during  this  crushing  operation.  From  these  curves  were  plot- 
ted the  horsepower  curve,  showing  the  horsepower  delivered  by  the 
kinetic  energy  of  each  roll  while  crushing  this  stone,  and  also  the  horse- 
power absorbed  by  the  rolls  in  returning  to  the  original  speed.    In  the 
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FiQ.  10    DiAQRAM  OP  Crushing  Rolls  Showing  Angle  op  Grip 

last  diagram  on  the  sheet,  by  combining  the  above  curves,  the  horse- 
power delivered  by  the  kinetic  energy  of  both  rolls  while  crushing 
rock  is  shown,  also  that  absorbed  by  both  rolls  while  returning  to  their 
original  speed.  This  shows  that  for  approximately  half  a  second 
the  two  rolls  delivered  2900  h.p.  in  kinetic  energy,  and  the  engine 
supplied  about  600  h.p.  additional,  making  a  total  of  3500  h.p.  to 
crush  the  stone. 

48  It  can  readily  be  seen  how  necessary  it  is  to  use  the  kinetic 
energy  of  the  rolls  when  crushing  rock,  as  the  rated  horsepower  of  the 
engine  which  drives  these  rolls  and  the  three  sets  of  smaller  rolls  is 
only  500  h.p.  It  also  shows  that  practically  all  the  stone  was  crushed 
within  3  seconds,  while  it  required  about  10  seconds  for  the  roUs  to 
regain  their  original  speed. 
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49  This  reduction  in  the  speed  of  the  rolls  occurs  through  the  slip- 
ping of  the  drive  belt  over  the  pulleys.  The  engine  slows  down  some- 
what, but  only  a  small  amount  compared  to  the  slippage.  As  this 
slippage  occurs  only  for  a  short  time  it  causes  no  serious  trouble. 

50  The  slugger  roll  does  the  most  work  in  crushing  the  stone  and 
should  show  imiformly  a  greater  reduction  in  speed  than  the  regular 
roll.  This,  however,  is  not  the  case,  since  the  action  of  the  stone  in 
passing  between  the  rolls  tends  to  gear  the  rolls  together  or  to  absorb 
energy  from  the  faster  roll  and  to  deliver  it  to  the  slower  roll. 

51  The  angle  of  grip  of  the  rolls  is  not  a  definite  angle  and  varies 
with  the  fracture  of  the  stone  and  with  the  diameter  and  spacing  of  the 
rolls.     Fig.  10  and  Table  1  show  these  variations  quite  clearly. 

52  The  Edison  Portland  Cement  Company  has  kept  an  accurate 
Time  Lost  account  with  each  piece  of  machinery.  An  accurate  state- 
ment of  the  total  niunber  of  minutes  lost  on  each  roll  and  the  causes 
of  such  stoppage  for  the  years  1909  and  1910  are  given  in  Table  2. 
The  total  loss  of  time  is  237  hours,  out  of  a  possible  running  time  of 
4814  hours.  The  total  delays  due  to  the  4  rolls,  therefore,  amounted 
to  4.9  per  cent  of  the  possible  running  time,  and  the  average  tons 
crushed  per  operating  hour  to  224. 

53  The  actual  cost  of  all  material  bought  or  manufactured  by 
our  shops  for  repairs  on  the  rolls  is  available,  but  the  actual  labor  of 
making  the  repairs  cannot  be  accurately  determined,  since  it  is  in- 
cluded in  the  item  of  repairs  to  the  crusher,  car  hoist,  dryers,  convey- 
ors, etc.    The  charges  for  material  are  itemized  as  follows: 

Roll  plates $4454.90 

Beanngs 92.04 

Gears,  shafts,  etc 732.78 

Plate  and  coupling  bolts 240.88 

Hopper  plates 242.88 

Belts 2192.19 

Miscellaneous 762.72 

$8718.39 

54  During  this  time  (two  years)  the  plant  reduced  1,024,409  tons 
of  stone  from  10-ton  pieces,  so  that  all  would  pass  a  J-in.  screen. 
This  makes  a  plate  cost  per  ton  of  $0.0043;  belt  cost  per  ton  of  $0.0021 ; 
general  repairs  per  ton  of  $0.0021  and  total  repairs  per  ton  crushed  of 
$0.0085. 

55  All  of  these  rolls  are  driven  by  a  prime  mover  inadequate  to 
start  them  from  a  state  of  rest,  and  it  is  necessary  to  use  levers  or 
some  similar  device  in  starting. 
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56  The  BtrainB  set  up  when  a  15-toii  stone  drops  10  ft.  or  more 
the  rolls  are  enormous,  as  are  also  the  crushing  strains,  but  they 
lai^ely  taken  up  internally  because  the  rolls  act  as  an  anvil.  O 
a  comparatively  small  part  of  the  shock  is  transmitted  to  the  be 
ii^  or  driving  power. 

57  The  wearing  surface  of  all  the  rolls  is  made  of  chilled  cast-ii 
plates.  On  the  giant  rolls  the  chill  is  about  2  in.  deep,  while  on 
smaller  rolls  it  is  from  }  in.  to  I  in.  deep.  We  have  found  that  ohil 
iron,  when  properly  made,  wears  much  longer  than  mangan 
steel,  and  of  course  is  much  cheaper. 


Fio.  11    Giant  Rolls  oubino  Ebection  at  thx  Pi^nt  or  t 
Cbusbbd  Stohi  CoitPAirr,  Chicaoo 


58  The  capacity  of  the  giant  rolls  is  ahnost  unlimited.  In  a  ree 
test  made  on  a  pair  of  Bklison  rolls  6  ft.  in  diameter  and  7  ft.  long, 
tons  of  stone  were  crushed  in  32  seconds,  or  at  the  rate  of  4000  tooB 
far.  This  was  done  at  one  of  the  quarries  of  the  Kelly  Island  lA 
and  Transport  Company  on  a  dolomite  "run  of  quarry"  loaded 
steam  shovels,  the  pieces  being  4  to  5  tons  or  less.  Side-dump  c 
were  used  on  this  test  and  they  were  arranged  to  dump  sutomatici 
into  the  hopper  over  the  rolls  as  the  train  was  pulled  by.    It 
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needless  to  say  that  at  the  end  of  the  test  the  pan  conveyor  under 
the  rolls  was  disabled  and  the  rolls  were  running  at  a  considerable 
reduction  in  speed. 

59  The  above  figures  may  seem  startling,  but  the  theoretical  ca- 
pacity of  the  rolls  is  much  greater  when  calculatedon  the  same  basis  as 
that  on  which  the  capacity  of  smaller  rolls  is  figured,  and  which  the 
writer  has  frequently  proved  by  actual  tests  to  be  correct. 

60  The  rolls  are  6  ft.  in  diameter  and  7  ft.  long,  are  run  at 

185  r.p.m.,  and  the  average  opening  between  the  rolls  is  d  in.    This 

3487  X  7 
gives  a  surface  speed  to  the  rolls  of  3487  ft.  per  min.  or -  = 


Fio.  U    Giant  Rolls,  6  ft.  bt  7  rr.,  at  Tomkinb  Covb 

18,306  cu.  ft.  passed  per  minute.  Assuming  20  cu.  ft.  per  ton,  this 
would  be  equivalent  to  915  tons  per  min.,  or  about  55,000  tons  per  hr. 
61  The  average  horsepower  required  to  drive  these  rolls  while 
crushing  3000  or  4000  tons  per  day  is  quite  small,  ranging  between 
100  and  160  h.p.,  but  the  momentary  peak  loads  are  very  much  greater. 
One  of  the  companies  operating  a  pair  of  these  rolls  6  ft.  by  7  ft., 
motor  driven,  buys  its  power  with  cert^n  peak  load  specifications. 
In  order  to  reduce  the  peaks  it  has  set  a  circuit  breaker  to  cut  off  the 
current  at  about  the  normal  load  of  the  motor.    After  the  stone  is 
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crushed  the  current  ia  turned  on  the  motor,  and  the  roll  agtun  brou^t 
up  to  speed.  It  frequently  h&ppens  that  the  current  is  cut  off  the 
motors  by  this  method  afi  many  aa  50  times  a  day. 

62  Fig.  U  shows  a  set  of  6  ft.  by  7  ft.  rolls  being  erected  at  the 
plant  of  the  U.  8.  Crushed  Stone  Company,  Chicago,  HI.,  and  gives 
an  idea  of  the  heavy  construction  necessary  to  withstand  the  great 
shocks.  This  also  shows  the  mandrels  to  which  the  plates  are 
attached. 
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63  The  crushing  plant  of  the  Tomkins  Cove  Stone  Company, 
Tomkins  Cove,  N.  Y.,>  which  was  put  in  operation  last  fall,  has,  as 
far  as  the  writer  knows,  the  largest  capacity  of  any  plant  in  the  world. 
Its  Krtreme  simplicity  b  one  of  the  most  striking  features,  and  its  de- 
ugn  throughout  is  for  a  capacity  of  1000  tons  per  hour.     The  stono, 


*  Thii  plant  vu  more  fully  deacribed  &nd  illustrated  in  Engiaeering  N«ra, 
Juniary  12,  1»11. 
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after  being  loaded  with  steam  shovels  in  the  quarry,  is  dumped  into 
a  pair  of  6  ft.  by  7  ft.  rolls,  reducing  it  approximately  to  8-in.  sizes. 
Under  these  rolls  there  is  a  hopper  having  a  capacity  of  about  30 
tons.  The  stone  is  fed  from  this  hopper  by  feed  rolb  to  a  set  of  4  ft. 
by  4  ft.  rolls,  which  run  250  r.p.m.  This  reduces  the  stone  to  about 
3J-in.  sizes  when  it  goes  directly  to  a  set  of  4  ft.  by  3  ft.  rolls  and  is 
reduced  to  about  1}  in.  A  large  pan  conveyor  receives  the  stone  and 
lifts  it  to  an  Edison  stationary  screen,  which  returns  anything  over 
li-in,  sizes  to  the  lower  roils  for  re-crushing.     The  product  from  this 


Fio.  16    Final  Rolls  at  Tomkins  Covb— 1  ft.  by  3  pt. 

screen  b  carried  by  a  36-in.  belt  conveyor  to  the  Edison  sizing  screens 
(Figs.  12  and  13).  Here  it  is  divided  into  three  sizes,  known 
commercially  as  Ij-in.  stone,  j-in.  stone  and  j-in.  stone.  It  is  car- 
ried by  belt  conveyors  to  concrete  bins  having  a  total  capacity  of 
20,000  tons,  from  which  it  can  be  withdrawn  and  delivered  by  Ixilt 
conveyors  directly  to  baizes  or  rwhoad  cars. 
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64  The  size  of  stone  may  be  varied  as  desired  by  changiiigthe 
openings  between  the  rolls  or  the  size  of  the  openings  on  the  screen 
plates. 

65  Figs.  14,  15,  16  show  the  giant,  intermediate  and  final  rolls 
at  the  Tomkins  Ck)ve  plant. 
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POWER  AND  HEAT  DISTRIBUTION  IN  CEMENT 

MILLS 

By  L.  L.  GRiFriTHB,  Csmbnt,  Dallas  Co.»  Tbx. 

Member  of  the  Society 

66  This  paper  considers  the  methods  employed  in  cement  mills 
for  converting  the  dormant  thermal  power  of  fuel  into  active  and  pro- 
ductive mechanical  motion.  It  has  been  the  good  fortune  of  the 
writer-  to  have  been  in  direct  charge  of  several  manufacturing  plants 
and  data  are  given  with  reference  to  five  cement  plants  which  use 
the  tihermal  power  of  fuel  in  different  ways. 

67     The  primary  means  of  developing  this  thermal  power  of  a  fuel 
is  by  means  of  the  application  of  the  heat  evolved,  either  by  total 
or  partial  combustion.    If  by  total  combustion,  the  first  means  com- 
monly employed  for  the  first  stage  of  the  power  transmission  is  steam, 
either  saturated  or  superheated.    The  prime  mover  actuated  by  this 
steam,  whether  it  be  a  reciprocating  engine  or  a  tiu^bine,  is  the  sec- 
ond step  of  the  power  transmission.    Then  we  have  the  further 
transmission  of  this  power  by  means  of  the  belted,  geared  or  direct 
counection  of  this  prime  mover  to  a  lineshaft,  thence  by  means  of 
further  belts,  gears,  ropes  or  chains  from  the  lineshaft  to  the  machine 
^ally  operated.    Or  we  have  the  prime  mover  actuating  a  gener- 
ator from  which  the  power  in  changed  form  is  transmitted  through 
wires  to  motors  operating  the  machines,  either  by  direct  connection 
or  by  means  of  lineshafting,  belts,  gears,  ropes  or  chains. 

68  Where  the  first  stage  is  the  partial  combustion  of  the  fuel 
resulting  in  the  production  of  an  explosive  gas,  the  prime  mov(  r 
18  au  internal-combustion  engine  connected  similarly  to  that  just 
described. 

69  In  considering  the  several  plants  as  set  forth  in  Table  3,  a 
brief  description  is  given  both  of  the  power  installation  and  the  mill 

l^resented  at  the  Spring  Meeting,  Pittsburgh  1911,  of  The  American 
Socutt  of  Mbchanical  ESnginbers. 
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arrangement,  since  there  is  a  considerable  difference  of  opinion  as  to 
which  form  of  power  consumption  is  the  most  economical  type  for 
crushmg,  grinding  and  pulverizing  machinery. 

70    The  item  of  fuel  herein  considered  as  the  source  of  power,  is 
roughly  30  per  cent  of  the  manufacturing  cost  of  a  barrel  of  cement 


TABLE  8    DATA  UPON  THE  POWER  DISTRIBUTION  IN  FIVE  CEMENT  PLANTS 


Nominal  Capacity,  Bbl 
Actual  Capacity.  Bbl... 


No.  1 

1 

No.  2 

1                     ~ 
1200 
1220 

Hone  Pbwer 

No.  8 

2000 
2180 

No.  4 

2000 
1176 

No.  5 

iOOO 
980 

2600 
1800 

Indicated 

Qron  Developed 805 

Per  Bbl.  of  Cement 0.830 

Houn,  perBbl I  20.15 

Coal  Coet,  per  Ton $2.76 

Coal  Cost,  Oentt  per  H.p-hr 0.00055 

Lb.  per  H.p I       5.82 


1020               16M 

1480 

2410 

0.885    "       0.777 

1.26 

1.S5 

20.04           18.65 

80.75 

82.4 

82.12           82.45 

81.25 

81.M 

0.00825'         .00411 

0.00110 

0.0019 

8.44     ;       8.8 

6.7 

8.87 

Proportkm  to  Departments 


Bi,  H.p. 

% 

Bt,  H.p. 


B,  H.p '     887 

% I       48 


C.  H.p. 

% 

Di,  H.p. 

% 

Di,  H.p. 

% 

D.  H.p.. 


88 

4.5 


Coal,  Grinding 

% 

Power  for  Auxiliaries 

% 


416 
40.75 
87 
8.5 


602 
85.5 
150 
0.5 


180 

186 

12.7 

8.8 

547 

724 

36.8 
786 
40.5 
86 
8.8 


300 

'      476 

88 

1       46.75 

80 

1     w 

9.5 

9.0 

750 
44.5 

188 
10.75 


531 
85.7 
182 
8.86 


29.8 


85.4 

170 
7.0 


89.6 


488 

18 


and  each  barrel  of  cement  manufactured  represents  the  conversion 
of  from  2,000,000  to  3,000,000  B.t.u.  Of  this  total  amount,  25  per 
cent  is  used  in  the  generation  of  power  in  the  actual  mechanical  oper- 
ation of  the  machinery  of  the  plant,  so  that  it  may  readily  be  seen 
that  the  means  of  converting  and  transmitting  this  power  is  worthy 
of  study  and  consideration. 
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PL4NT  NO.  1.  1000-BBL.  NOMINAL  CAPACITY 

71    When  operating  100  per  cent  of  the  machinery  100  per  cent 
of  the  time,  the  daily  output  of  plant  No.  1  would  be  1000  bbl.  of  Port- 
ed cement.    Briefly,  its  general  arrangement  is  as  follows:    Stone 
from  the  quarry  in  man-size  pieces  is  crushed  in  a  gyratory  crusher, 
dried  in  a  rotary  drier,  further  reduced  in  rolls  and  finished  pulver- 
u^   in  Fuller  mills.    The  raw  material  is  burned  in  rotary  kilns, 
and  t^Iie  cement  clinker  prepared  for  pulverizing  by  passing  through 
toothed  crushers,  and  pulverized  in  30-in.  Griffin  mills. 

72     The  boiler  equipment  of  the  power  plant  consists  of  three 
horizontal  tubular  boilers  of  75  h.p.  each,  four  horizontal  tubular 
.  boilears  of  100  h.p.  each  and  one  B.  &  W.  water  tubular  boiler  of  340 
h.p-       The  ash-pits  of  all  the  boilers  are  equipped  with  McClave 
steaxn  blowers  with  steam  pressure  at  100  lb.    They  are  using  West 
Virsuiia  bituminous  slack  or  run  of  mine,  but  its  use  isimeconomical 
becstiise  the  grates  are  set  for  hard  coal.    About  60  per  cent  of  the 
raw  end  of  this  plant  is  driven  by  an  18  in.  by  40  in.  Wright  non- 
condensing  engine  and  the  balance,  or  40  per  cent,  of  the  raw  end,  and 
100  per  cent  of  the  finishing  end,  is  driven  by  a  20  in.  and  34  in.  by  42 
in.  tandem  compound  Corliss  engine  operating  at  100  r.p.m.  in  connec- 
tion with  a  jet  condenser  and  cooling-tower  installation.    The  kiln 
room  is  operated  by  one  11  in.  by  11  in.  Buckeye  non-condensing  150- 
r.p.in.  engine.    With  this  power  installation  the  plant  turns  out  a 
harrel  of  cement  for  0.839  h.p. 

PLANT  NO.  2,  1200.BBL.  NOMINAL  CAPACrTY 

73  Plant  No.  2  of  1200-bbl.  nominal  capacity,  operates  at  an 
output  better  than  100  per  cent  because  of  the  excellence  of  the  oper- 
ating force.  The  general  arrangement  is  as  follows:  Stone  from  the 
quarry  is  crushed  in  gyratory  crushers  of  the  same  make  and  size  as 
in  plant  No.  1,  dried  in  a  rotary  drier,  also  of  the  same  make  and  size 
as  in  plant  No.  1,  but  the  material  is  now  ground  in  ball  mills  and 
^  finished  pulverized  in  tube  mills,  then  burned  in  kilns  of  the  same 
sue  as  those  of  plant  No.  1.  The  cement  is  prepared  for  pulverizing 
and  is  pulverized  as  in  plant  No.  1. 

74  The  boiler  equipment  of  the  power  plant  consists  of  eight 
double-drum  elephant  boilers  each  of  150  h.p.  capacity.  The  fur- 
Dwes  are  equipped  with  balanced  draft,  burning  Buckwheat  anthra- 
cite coal.  The  raw  end  of  this  plant  is  driven  by  one  20  in.  and  36 
ifl.  by  42  in.  cross-compound  condensing  Corliss  engine  operating  at 
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87  r.p.m.  The  finishing  end  is  driven  by  a  duplicate  of  this  engine, 
and  the  kiln  room  is  operated  by  one  11  in.  by  18  in.  150-r.pjn. 
Buckeye  non-condensing  engine.  The  coal  house,  with  its  handling, 
drying,  crushing  and  pulverizing  of  coal  for  kiln  fuel,  is  operated  by 
one  11  in.  by  10  in.  vertical  230-r.p.m.  Westinghouse  steam  engine, 
and  one  20  in.  by  16  in.  250-r.p.m.  Westinghouse  engine.  This 
plant  produces  a  barrel  of  cement  on  0.835  i.h.p. 

PLANT  NO.  8.  2000-BBL.  NOMINAL  CAPACrFY 

75  Plant  No.  3  was  more  recently  constructed  than  either  No.  1 
or  No.  2  and  is  laid  out  in  a  somewhat  better  manner.  This  fact 
together  with  a  more  efficient  working  force,  results  in  an  output 
better  than  the  rated  output  of  100  per  cent.  The  crushing,  grind- 
ing and  pulverizing  machinery  of  the  raw  ends,  kilns  and  auxiliaries 
of  the  burning  department,  and  crushers  and  pulverizers  of  the  fin- 
ishing end,  were  the  same  as  in  plant  No.  2,  a  greater  number  of  the 
same  size  units  being  used  for  the  increased  capacity. 

76  The  boiler  equipment  of  the  power  plant  consists  of  seven 
350-h.p.  B.  &  W.  boilers  fired  by  Westinghouse  stokers  using  anthra- 
cite pea  coal,  both  coal  and  ashes  being  automatically  handled  by 
conveyors  and  elevators.  The  boilers  are  also  equipped  with  super- 
heaters and  the  raw  end  is  operated  by  one  20  in.  and  40  in.  by  54  in. 
cross-compound  Corliss  condensing  engine  of  74  r.p.m.  The  fin- 
ishing end  is  operated  by  a  duplicate  of  this  engine,  and  the  kiln  room 
by  one  16  ia.  and  28  in.  by  42  in.  tandem  compound  Corliss  condens- 
ing engine  at  85  r.p.m.  The  coal  house  is  operated  by  one  12  in. 
and  24  in.  by  42  in.  tandem  compound  Corliss  condensing  engine 
of  80  r.p.m.  This  plant  produces  a  barrel  of  cement  on  0.777 
i.h.p.  The  prime  movers  in  every  instance  are  belted  to  a  main 
lineshaft,  the  individual  machines  being  in  turn  driven  from  this 
lineshaft  by  belt,  chain,  rope  or  gear  drives. 

77  These  three  plants  are  known  in  the  cement  business  as  direct- 
driven  plants:  that  is,  in  such  plants  the  prime  mover  is  belted  to  a 
lineshaft  and  the  individual  machines  are  in  turn  driven  by  belts, 
gears,  chains,  etc.,  from  this  lineshaft.  Plants  Nos.  4  and  5  are  known 
as  electrically-driven  plants. 

PLANT  NO.  4,  2000-BBL.  NOMINAL  CAPACrTY 

78  Plant  No.  4  with  a  nominal  capacity  of  2000  bbl.,  although  a 
comparatively  new  plant,  has  never  been  operated  at  better  than 
60  per  cent  of  its  nominal  rating,  due  to  a  very  poor  arrangement 


h.. 


L.  L.  GRiPFiras  169 

of  mixing,  conveying  and  pulverizing  machinery.  On  account  of 
the  load  conditioni  however,  the  electrical  efficiency  is  high,  the 
motors  operating  at  from  100  to  125  per  cent  full  load;  and  the 
maximum  efficiency  of  the  induction  motor  is  at  about  120  per  cent 
rated  load. 

79  The  general  arrangement  of  this  plant  is  as  follows:  Stone 
in  man-size  pieces  is  reduced  by  passing  it  through  two  gyratory 
crushers;  the  shale  is  reduced  by  passage  through  toothed  rolls. 
It  is  dried  in  a  rotary  drier,  mixed  with  limestone  and  further  reduced 
with  it  in  a  Williams  mill.  The  material  is  then  passed  through  two 
rotary  mix  driers  to  30-in.  Griffin  mills  used  as  preliminaries  to  tube 
mills,  in  which  the  raw  material  is  finished.  This  is  burned  in  kilns 
of  the  same  size  as  those  in  the  No.  2  and  No.  3  plants.  The  clinker 
is  prepared  by  passing  through  a  toothed  crusher  and  rolls,  and  pul- 
verised in  30-in.  Griffin  mills. 

80  The  boiler  equipment  of  the  power  plant  consists  of  two  250- 
h.p.Cahall  vertical  boilers,  four  250-h.p.  O'Brien-Heine  boilers,  and 
one375-h.p.  O'Brien-Heine  boiler.  The  fuel  used  is  Southern  Indiana 
bitummous  coal  And  with  the  exception  of  the  Cahall  boilers,  the 
setting  and  grates  are  for  hard  coal.  The  furnace  efficiency  is  there- 
fore low.  The  prime  movers  in  this  plant  are  two  vertical  Curtis 
turbines,  one  direct-connected  to  a  1000-kw.  3-phase,  25-cycle,  440- 
volt  alternator,  and  the  other  to  an  800-kw.  alternator.  Each  indi- 
vidual machine  throughout  the  plant  is  driven  by  an  individual 
motor  of  proper  size  by  a  belt  from  the  motor  pulley  to  a  shaft  and 
from  the  shaft  to  the  machine  either  by  gears,  belt,  or  chain  drive. 
This  plant  consumed  1 .26  h.p.  per  bbl.  of  cement  produced. 

PLANT  NO.  5,  2fiOO-BBL.  NOMINAL  CAPACITY 

81  Plant  No.  5  comes  under  the  same  heading  as  plant  No.  4, 
but  is  unique  in  that  it  is  the  only  one  which  starts  with  partial 
combustion  of  the  fuel,  and  discarding  steam  as  a  means  of  power 
transmission  between  the  fuel  bed  and  the  prime  mover,  uses  the  gas 
direct  from  the  fuel  in  an  internal-combustion  or  gas  engine.  Due 
to  the  difficulty  of  mixing  and  combining  the  raw  materials  of  the 
section  m  which  the  plant  is  located  it  is  oj) crating  only  at  about 
80  per  cent  of  its  capacity  at  the  output  figures  given.  The  basis 
of  comparison  therefore,  for  the  grinding,  pulverizing  and  burning 
machinery,  which  is  operating  on  cement  rock  in  the  Lehigh  Valley, 

• 

18  not  a  fair  one. 


170  POWBB  AND  HBAT  DISTRIBUTION  IN  CEMENT  MILLS 

82  The  stone  is  loaded  with  a  steam  shovel,  crushed  in  a  gyra- 
tory crusher,  further  reduced  in  a  Williams  mill,  and  dried  in  rotary 
driers.  The  shale  or  clay  is  loaded  with  a  steam  shovel,  nm  through 
a  dry  pan  mill,  dried,  and  meets  the  stone  at  the  weigh  bin  where 
the  mixtiire  is  proportioned.  It  then  passes  through  a  rotary  mixer 
to  ball  mills  and  is  finished  in  tube  mills,  burned  in  rotary  kilns,  and 
the  cement  clinker  then  crushed  in  ball  mills  and  finished  in  tube  mills. 

83  Electrically,  the  conditions  are  practically  the  same  as  those 
described  for  plant  No.  4. 

84  The  power  plant  consists  of  six  up-draft  producers  in  place 
of  the  usual  steam  boilers,  the  generating  gas  operating  three  34  in. 
by  48  in.  horizontal  tandem  gas  engines  driving  three  750-kw.  3- 
phase,  25-cycle,  550-volt  alternators. 

85  It  may  appear  that  this  paper  emphasizes  the  relative  efficien- 
cies of  different  raw  materials,  types  of  grinding  machinery  and  engi- 
neering arrangements.  The  presence  of  these  as  variables  is  admitted^ 
especially  when  the  plants  cited  are  in  different  localities,  but  for- 
tunately we  have  exactly  the  same  types  of  machinery  and  in  most 
cases  the  same  size  and  make  in  the  comparisons  given,  if  not  through- 
out the  entire  plant  at  least  throughout  entire  departments  which 
represent  the  several  stages  in  the  manufacture  of  cement  from  the 
raw  materials. 

86  In  explanation  of  the  lettering  of  the  different  departments 
in  Table  3  the  quarry  is  considered  as  A ;  preliminary  crushing,  second- 
ary breaking  down  and  storing  of  the  raw  materials  as  B\;  the  drying, 
grinding  and  pulverizing  of  the  raw  material  as  &;  subdivisions 
^1  and  B%  as  the  raw  end  B;  burning  the  raw  material  to  cement 
clinker  and  cooling  it  as  department  C;  crushing,  grinding  and 
pulverizing  the  cement  clinker  as  department  D,  Di  being  the 
preliminary  crushing  and  grinding,  and  D%  the  finishing  or  pul- 
verizing. 

87  Comparing  the  figures  in  Tables  3  and  4  in  connection 
with  the  brief  description  of  the  plants,  it  is  seen  that  a  direct- 
driven  plant  shows  a  power  economy  greater  than  an  electrically- 
driven  plant. 

88  Plants  Nos.  2,  3  and  5  are  comparable  in  departments  jBi  and 
B%  with  but  small  opportunity  of  error  in  that  the  size,  type  and  make 
of  the  granulating  and  pulverizing  machinery  are  identical.  It  will 
be  noted  that  a  barrel  of  finished  raw  material  at  the  kiln  bins, 
department  J3,  consumes  as  follows: 
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I.H.P. 

Total  Per  Bbl. 

^lantNo.  1 387  0.403 

^^tNo.2 416  0.341 

Plant  No.  3 602  0.276 

Plant  No.  4 736  0 .  626 

Plant  No.  5 860  0.478 

89  Plants  Nos.  3  and  4  have  twice  the  number  of  kibis,  feeders  for 
both  pxdveruied  coal  and  raw  material,  low-pressure  air  systems,  ele- 
▼mtors  and  auxiliaries  that  plant  No.  2  has.  Plant  No.  5  has  the  same 
number  of  kilns,  etc.,  as  plant  No.  2,  but  the  kilns  have  twice  the 
area  ajid  length  and  the  auxiliaries  are  twice  as  large.  We  have  as 
a  comparison,  however: 

I.H.P. 

Total  Per  Bbl. 

PUnt  l»Jo.l 38  0.0396 

Plant  Ko.2 37  0.0303 

PUnt  Ko.  3 169  0.073 

Plant  No.  4 86  0.0732 

Plant  Ko.  6 170  0.0945 

90    In  the  clinker-grinding  and  finishing  departments  D,  we  find 
a  greater  diflference  in  the  machinery  used,  that  is,  when  comparing 
plants  Nos.  2, 3  and  5;  but  the  department  D  of  plant  No.  4  is  com- 
parable with  that  of  plants  No.  2  and  No.  3  with  reference  to  the  grind- 
ing machinery  used,  and  we  have: 

I.B.F. 

Total  Per  Bbl. 

Plant  No.  1 300  0.312 

Plant  No.  2 476  0. 390 

Plant  No.  3 760  0.341 

Plant  No.  4 631  0.462 

Plant  No.  5 962  0.634 

From  the  above  it  will  be  noted  that  in  practically  every  instance  the 
<lirect-driven  plant  is  more  economical  in  power  consumption,  than 
^e  electrically-driven  plant. 

91  In  considering  this  subject,  it  has  appeared  to  the  author  that 
the  pounds  of  coal  used  per  indicated  horsepower  do  not  show  the 
true  condition,  so  the  equivalents  in  British  thermal  units  are  given 
in  Table  4. 
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TABLE  4     HEAT  UNITS  PER  I.  H.  P.  PER  BBL.  CEMENT 


Plant  No. 

1 
2 
3 
4 
5 


Coal,  Lb. 
per  l.h.p-br. 

5.32 

3.44 

3.80 

fl.7 

2.87 


B.t.u. 
per  l.h.p-hr. 

71.022 
40.560 
45.600 
82.745 
21,094 


Power  Coal,  Lb.  B.t.u. 

per  bbl.  Cement      per  bbl.  Cement 


107.10 
68.94 
70.87 

200.03 
92.00 


1.430.060 
793,782 
850,440 

2.470,808 
683.462 


92  From  Table  4  it  appears  that  the  power  plant  No.  5,  using  the 
most  direct  method  of  transmitting  the  thermal  power  of  the  fuel 
to  the  prime  mover,  i.e.,  by  means  of  the  gas  generated  by  partial 
combustion  of  the  fuel  in  a  producer,  shows  the  lowest  B.t.u.  con- 
sumption and  highest  thermal  efficiency,  but  on  account  of  the  losses 
inherent  in  the  balance  of  the  power  transmission  system,  uses 
more  i.h.p.  per  bbl.  of  cement  produced  than  do  plants  Nos.  1,  2, 3 
and  4.  The  same  is  true  of  plant  No.  4  as  compared  with  plants  Nos. 
1,  2  and  3,  from  which  it  appears  to  the  author  that  in  addition  to 
all  the  losses  inherent  in  a  direct-driven  plant,  the  electrically- 
driven  plant  has  in  addition  those  decreased  efficiencies  represent- 
ing losses  in  the  conversioc  of  mechanical  power  to  electrical 
power  and  back  from  electrical  power  to  mechanical. 

93  We  have,  for  instance,  in  plants  Nos.  1,  2  and  3  the  fuel  fired 
under  boilers,  generating  steam  which  in  turn  is  used  in  the  engines 
giving  motion  and  power  to  the  lineshaft.  Through  the  aid  of  a 
belt  this  power  is  then  transmitted  to  the  several  machines  by 
means  of  belts,  gears,  chains,  ropes,  etc.  In  this  arrangement  we 
have  the  losses  shown  in  column  1. 

94  In  plant  No.  4  the  fuel  is  fired  under  boilers,  and  steam  is  used 
in  the  turbine  to  generate  electrical  current  in  the  alternators,  the 
current  produces  motion  and  power  in  the  motors  which  is  transmitted 
to  the  machines,  through  a  belt  to  a  countershaft,  and  thence  by 
belt,  gearing,  chain  or  rope  to  the  machine,  and  the  losses  are  as 
shown  in  column  2. 

95  In  plant  No.  5  the  fuel  is  fired  into  a  producer  which  supplies 
gas  to  an  engine  operating  an  alternator  generating  current  from  which 
point  the  cycle  is  the  same  as  in  plant  No.  4,  and  the  losses  are  as 
shown  in  column  3  which  follows: 


i 


Nos.  1, 


and  3 
e 

e 


Beltiing 


I^ckeshaft 
Beijing 
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No.  4 

No.  6 

Fumaoe 

Producer 

Boiler 

Engine  (gas) 

Engine  (turbine) 

Generator 

Generator 

Line 

Line  (cirouits) 

Motor 

Motor 

Belt 

Belt 

Lineshaft 

Lineshaft 

Belt 

Belt 
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d6  The  above  are  all  comparable  on  a  monetary  basis,  but 
time  and  space  will  not  permit  going  into  this.  It  is  appreciated 
that,  given  a  water-power  proposition,  the  proper  installation  is 
a  hydroelectric  one,  but  it  is  believed  that  the  most  economical 
cement  plants  of  the  future,  that  is,  from  a  power  consumption  stand- 
point, will  be  developed  along  the  lines  of  a  producer  as  the  first  step 
in  the  cycle  of  power  conversion  and  transmission;  then  an  internal- 
combustion  engine  operating  the  main  departments  direct-connected 
to  the  lineshaft,  and  the  waste  heat  from  these  engines  utilized  in  an 
exhaust  or  low-pressure  steam  turbine  operating  direct-current  gen- 
erators, which  current  so  generated  will  be  used  for  lighting  and  the 
operation  of  isolated  and  remote  machines. 


No.  1311  rf 

DISCUSSION  ON  CEMENT  MANUFACTURE 

H.  Struckbiaj^n  (written).  In  Par.  26,  Professor  Landis  calls  at- 
tention to  the  value  of  using  the  heat  from  the  discharged  clinker, 
stating  that  this  practice  has  proved  unsatisfactory  in  this  country. 
The  writer  wants  to  add  his  testimony  that  utiliziog  the  heat  in  the 
discharged  clinker  is  of  the  greatest  value  for  preheating  the  air  neces- 
sary for  combustion.  In  Europe  when  the  first  rotary  kilns  were , 
installed,  the  heat  was  pulled  by  exhausters  from  the  underlying  rotary 
cooler  and  blown  into  the  kiln  mounted  above  it.  Considerable 
difficulty  was  experienced  in  handling  the  large  volume  of  air  at  the 
temperature  at  which  it  was  received  from  the  cooler. 

The  modem  installations  are  now  practically  all  using  a  process 
by  which  fans  are  blowing  the  necessary  amount  of  cold  air  into  the 
cooler,  which  is  virtually  put  under  pressure.  This  air,  after  having 
absorbed  the  heat  from  the  clinker,  is  delivered  through  air  ducts, 
entering  the  kiln  on  both  sides  of  the  hood,  at  a  temperature  as  high 
as  1000  deg.  fahr.  The  advantage  of  this  installation  is  very  evident, 
since  the  cold  air  handled  by  the  fans  is  of  very  much  smaller  volume 
than  the  heated  air.  The  heat  available  in  the  clinker  is  not  only 
sufficient  to  furnish  the  necessary  air  for  combustion,  preheated  to  a 
temperature  of  1000  deg.  fahr.,  but  also  to  dry  the  coal  preparatory 
to  the  grinding  process,  resulting  in  a  large  saving  of  fuel. 

The  statements  which  Professor  Landis  makes  about  the  wet  process 
are  not  borne  out  by  experience  with  the  most  modem  wet  installa- 
tions in  Europe.  The  explanation  in  Pars.  17  and  18  indicates  that 
Professor  Landis  is  comparing  the  old-style  short-kiln  installation, 
where  the  material  was  dried  before  it  was  ground,  with  a  modem 
dry-process  installation  with  long  kilns.  Such  a  comparison  is  hardly 
fair  to  the  modem  wet  plants  now  being  designed  and  operated  in 
Europe.    There  is  no  question  but  that  a  60-ft.  kiln  burning  wet  is 
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an  extremely  wasteful  proposition,  but  with  the  development  of  the 
long  kiln  the  situation  has  been  entirely  changed. 

It  has  been  conclusively  proved  that  grinding  the  raw  material  in 
wet  condition  with  proper  machinery  reduces  the  horsepower  from  30 
to  40  per  cent,  besides  increasing  the  fineness  very  materially  and 
entirely  eliminating  the  mill  dust  problem,  which  deserves  a  good  deal 
of  attention. 

If  we  combine  the  drying  and  burning  in  one  rotary,  we  would  have 
a  kiln  about  185  ft.  long,  basing  the  figures  on  a  60-ft.  dryer  and  125- 
ft.  kiln,  the  two  sizes  now  most  generally  used. 

As  a  general  rule  in  comparing  the  wet  and  dry  processes,  only  the 
125-ft.  dry  kiln  is  compared  with  the  same  size  wet  kiln,  no  attention 
being  paid  to  the  fact  that  the  dry  kiln  requires  an  additional  60-ft. 
rotary  to  take  care  of  the  drying  of  the  material.  Of  course  as  a 
•  result  greater  economy  is  apparently  effected  on  the  dry  process. 
If,  however,  we  compared  the  burning  unit  of  the  dry  process  with 
the  corresponding  burning  unit  of  the  wet  process,  the  result  would 
be  entirely  different. 

The  writer  has  made  a  niunber  of  experiments  in  order  to  ascertain 
how  many  feet  of  the  kiln  are  required  to  evaporate  the  30  per  cent  of 
water  contained  in  the  slurry,  as  it  is  bemg  fed  to  the  modem  wet 
kiln,  and  finds  that  approximately  35  to  40  ft.  is  all  that  is  necessary 
to  put  the  material  in  virtually  the  same  condition  as  when  being  fed 
to  the  dry  kiln.  If  we  deduct  this  35  to  40  ft.  from  the  wet  185-ft. 
kiln,  we  have  a  larger  kiln  with  a  resulting  larger  output  and  lower 
fuel  consiunption. 

There  are  quite  a  few  plants  in  this  country  today  which  would 
turn  out  a  much  more  superior  and  reliable  cement  under  the  wet 
than  the  dry  process,  because  in  handling  the  sliury  a  perfect  mixture 
is  obtained.  While  this  would  not  be  the  case  with  the  Lehigh 
Valley  plants,  where  a  natural  cement  mixture  is  foimd,  judgment 
ought  scarcely  to  be  passed  on  a  process  based  on  the  condition  of 
one  small  part  of  a  country.  There  are  a  number  of  plants  in  the  West 
in  which  the  raw  material  in  natural  condition  contains  from  10  to  20 
per  cent  of  moisture,  requiring  a  large  amount  of  heat  to  evaporate, 
and  considering  all  these  facts,  the  writer  fails  to  see  why  the  wet 
processes  should  be  eliminated  entirely  in  the  investigation  of  a  cement 
proposition. 

Professor  Landis  failed  to  touch  on  one  subject  in  connection  with 
the  wet  process,  namely  wet  grinding,  and  the  laboratory  tests  ^ven 
in  Table  5  may  be  of  some  interest.     In  carr>ing  out  these  tests  the 
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raw  material  was  prepared  to  a  fineness  ranging  between  20  and  30 
mesh  sieve  and  1500  grains  were  used  as  a  charge  in  a  laboratory  mill. 
Ten  separate  tests  were  run,  each  lasting  55  minutes.  The  first  test 
was  run  with  dry  material  and  afterwards  various  percentages  of  water 
were  added,  as  indicated  in  the  test. 

From  these  tests  it  is  clearly  demonstrated  that  from  30  to  32  per 
cent  of  water  gives  the  greatest  efficiency  in  grinding  the  material. 
With  the  increased  fineness  made  possible  by  the  wet  grinding  process, 
a  great  deal  of  fuel  is  saved.  In  some  of  the  plants  with  which  the 
writerisconnected,  natural  gas  is  used  for  fuel  and  each  kiln  is  equipped 


TABLE  5    LABORATORY  TESTS  ON  WET  ORINDINO 


l^NiimbM 

Per  Cent  H^ 

0 
35 
38 
SO 
83 
S5 
87 
40 
45 
50 

lOO-Mflsh 

SOO-Meah 

93.0 
98.4 
99.8 
99.3 

99.6 
96.8 
96.8 
96.6 
96.4 
95.3 

75  0 

80  8 

87  0 

86  8 

84  8 

80.6 

80  2 

SO  8 

10... 

79  6 

with  separate  gas  meters,  giving  a  complete  record  of  the  amount 
of  fuel  used  in  each  kiln.  Experiments  carried  on  for  long  periods 
with  a  varying  fineness  of  the  raw  material  showed  an  average  of  56 
cu.  ft.  of  gas  for  each  per  cent  of  greater  fineness  between  88  and  96 
percent  through  the  100-mesh  sieve.  In  other  words,  each  percent- 
age of  finer  raw  material  effected  a  saving  of  about  47,000  B.t.u.  per 
bbl.  of  clinker  produced.  Besides  this  saving  in  fuel,  it  was  found 
that  the  capacity  of  the  kilns,  which  were  7  ft.  6  in.  by  125  ft.,  was 
S^^tly  increased,  the  output  per  24  hours  being  as  follows: 

^•5  per  cent  fineness 454  bbl.  per  day 

^•0  per  cent  fineness 634  bbl.  per  day 

^•5  per  cent  fineness 691  bbl.  per  day 

^•0  per  cent  fineness 600  bbl.  per  day 

^  -0  per  cent  fineness 620  bbl.  per  day 

1^  view  of  these  facts  it  is  a  question  whether  the  wet  process  as  it  is 
developed  today  does  not  represent  the  most  scientific  method  of 
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producing  Portland  cement,  where  the  raw  materials  are  more  or 
less  mixed  and  contain  a  large  percentage  of  moisture  in  natural 
condition. 

P.  C.  Van  Zandt  (written).  The  crushmg  of  irock  is  probably 
one  of  the  most  ancient  hiunan  industries,  and  the  course  of  its  pro- 
gress from  a  crude  process  into  one  worthy  of  scientific  regard  is 
interesting  and  instructive. 

In  Par.  42,  Mr.  Mason  states  that  before  Mr.  Edison  constructed 
his  giant  rolls  the  largest 'rolls  in  use  were  those  known  as  Comish. 
rolls,  which  were  geared  together.    These  rolls  were  also  built  at  tha^ 
time  for  separate  belt  drives  without  being  geared  together,  but,  witb. 
only  one  or  two  exceptions  for  use  on  rock,  the  roll  shells  were  smooth — 

Angle  of 
"Nip 


Fig.  17    Angle  of  Nip  on  Smooth  Rolls 


I 


faced.  Rolls  for  crushing  coal  were  then  built  as  they  are  now  with 
spikes  or  projections  and,  as  far  as  the  writer  can  remember,  coal 
rolls  were  hardly  ever  built  smooth-faced,  nor  rolls  for  use  on  rock 
other  than  smooth-faced. 

In  the  crushing  of  rock  the  angle  of  nip  as  shown  in  Fig.  17  deter- 
mined the  largest  piece  of  rock  that  could  be  fed  to  a  set  of  smooth  rolls, 
while  no  such  limitation  existed  in  the  crushing  of  coal  with  spiked 
rolls,  which  automatically  broke  the  large  pieces  of  coal  into  fragments 
small  enough  to  be  nipped.  Mr.  Edison's  rolls,  like  his  rotary  kiln, 
were  unquestionably  very  much  larger  than  anything  in  use  at  that 
time  and  he  alone  seems  to  have  foreseen  the  direction  of  growth  of 
the  industry.  The  comparison  of  the  kinetic  energy  stored  in  the 
rolls  in  use  at  that  time  and  in  the  rolls  built  by  him  shows  the  mag- 
nitude of  his  step,  while  other  builders  of  these  machines  were  merely 
creeping  along  from  one  size  to  the  next. 

Mr.  Mason's  comparison  of  the  maximum  size  of  rook  fed  to  a 
gyratory  crusher  and  to  a  set  of  rolls  is  slightly  unfair  to  the  formw 


DISCUSSION  BT  P.  C.  VAN  ZANDT  179 

machine.  The  largest  gyratory  crusher  built  at  the  present  tune  has 
two  openings  48  in.  wide  by  approximately  9  ft.  long,  this  opening 
being  on  a  curve  somewhat  the  shape  of  the  letter  C.  The  writer 
has  seen  a  piece  of  rock  fed  to  a  gyratory  crusher  of  the  42-in.  size, 
the  dimensions  of  which  were  approximately  3  ft.  by  5  ft.  by  9  ft., 
this  rock  being  dropped  end  down  and  going  through  the  machine  as 
though  it  were  being  eaten  up.  The  writer  is  further  of  the  opinion 
that  the  maximum  sized  piece  fed  to  a  set  of  6  ft.  by  7  ft.  rolls  would 
have  to  be  more  nearly  7  ft.  in  diameter  than  a  7-ft.  cube  and  of 
spherical  shape,  to  have  it  turned  over  by  the  rolls  and  new  surfaces 
presented  for  crushing.  However,  in  the  writer's  opinion  such  a  set 
of  6  ft.  by  7  ft.  crushing  rolls  will  take  a  larger  piece  of  rock  for 
crushing  than  any  other  machine  in  existence  in  the  world  today. 

In  Par.  44,  Mr.  Mason  describes  the  jiggling  onto  the  car  or  skip 
by  the  steam  shovel  operators  of  a  piece  of  rock  too  large  to  go  from 
the  teeth  of  the  dipper  through  the  dipper  itself.  The  writer  has 
seen  this  done  a  great  many  times  and  judges  that  in  some  quarries 
it  is  rather  difficult  to  prevent.  The  limit  of  size  of  rock  that  can  be 
economically  handled,  and  there  must  be  a  limit  somewhere,  is,  in  the 
writer's  opinion,  the  biggest  piece  that  can  be  handled  through  the 
dipper.  The  steam  shovel  operators  like  to  make  a  showing  for  ton- 
nage and  efficiency  in  the  quarry  by  sending  up  to  the  crusher  as  large 
pieces  as  they  can  handle.  Occasionally  a  piece  which  is  too  big 
for  the  hopper  of  a  set  of  rolls  or  a  gyratory  crusher  is  sent  up,  which 
has  to  be  broken  or  blasted  or  returned,  causing  considerable  delay 
at  the  crusher,  which  together  with  the  expense  represents  a  larger 
cost  than  the  breaking  of  a  dozen  of  these  pieces  in  the  quarry. 
Damage  to  the  quarry  cars  or  skips  caused  by  dropping  these  big 
pieces  of  rock  is  also  troublesome.  The  kinetic  energy  in  the  piece 
of  rock  striking  the  car  compares  favorably  with  that  in  the  crushing 
rolls,  when  in  one  case  the  cars  are  smashed  and  in  the  other  the  rock. 
By  comparison  a  large  piece  of  rock  handled  through  the  dipper  can 
be  hud  in  the  car  very  gently. 

The  writer  has  examined  the  tachometer  record  of  test  K  very  care- 
My  and  does  not  understand  why  these  records  which  show  the  drop 
^  speed  of  the  two  roUs  so  clearly,  do  not  distinguish  between  the 
■hogging  and  crushing  action.  It  may  be  that  Mr.  Mason  has  other 
charts  which  do  show  this,  and  it  would  be  interesting  to  have  his 
opinion  regarding  the  crushing  action  of  these  large  rolls  upon  large 
pieces  of  rock.  A  piece,  perhaps  the  size  of  a  roll  top  desk,  is  dropped 
^  the  rolls  and  is  first  subjected  to  what  may  be  called  a  slugging 
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action,  in  which  it  is  tossed  around  in  the  hopper,  the  comers  broken 
oS,  and  finally  shattered  into  pieces  small  enough  to  be  caught  within 
the  angle  of  nip  of  the  rolls.  The  second  or  crushing  operation  then 
takes  place  and  the  rock  caught  in  the  angle  of  nip  is  immediately 
carried  through  the  rolls  and  crushed  by  pressure  to  a  size  sufficiently 
small  to  pass  the  available  space  between  the  rolls. 

It  would  seem  that  the  maximum  tendency  to  vary  the  speed  of 
one  roll  in  relation  to  the  other  would  exist  in  the  slugging  action,  when 
first  one  and  then  the  other  roll  strikes  a  large  piece  of  rock;  while  in 
the  crushing  action,  as  Mr.  Mason  states  in  Par.  50,  the  action  of  the 
stone  in  passing  between  the  rolls  would  tend  to  gear  the  rolls  togethtf , 
in  other  words,  to  cause  them  to  rotate  at  the  same  speed.  The  curves 
plotted  from  the  tachometer  charts  show  an  almost  simultaneous 
drop  in  speed  diuing  the  slugging  action,  with  a  difference  in  time 
of  a  small  fraction  of  a  second,  while  the  recovery  of  speed  in  the  two 
rolls,  probably  after  the  bulk  of  the  crushing  action  has  taken  place, 
shows  a  much  greater  difference  in  speed,  the  curve  giving  apparently 
the  reverse  of  what  the  writer  would  suppose  the  action  to  be. 

In  Par.  54,  Mr.  Mason  gives  the  cost  of  repairs  per  ton  of  roclc 
crushed,  which  the  writer  thinks  is  very  good.  He  has  seen  records 
of  lower  costs  of  repairs  on  gyratory  crushers,  but  as  a  partial  offset, 
it  must  be  remembered  that  they  will  not  take  pieces  of  rock  so  large. 
The  horsepower  required  in  the  rolls  per  ton  of  rock  crushed  is  also 
greater  than  the  gyratory  crushers,  but  the  same  partially  offsetting 
advantage  also  applies  here. 

The  questions  raised  in  Professor  Landis'  article,  Par.  12,  namely, 
how  much  does  it  cost  in  investment,  interest,  repairs,  depreciation,  etc., 
in  a  rock-crushing  plant  to  provide  means  for  crushing  the  few  larger 
pieces  of  rock  that  come  to  the  crusher  in  the  course  of  a  day's  operation, 
and  does  the  saving  affected  more  than  offset  the  additional  cost, 
must  be  answered  for  each  individual  case,  depending  upon  the  cost 
of  installation,  location,  the  desired  capacity,  the  kind  of  rock  and  the 
use  to  which  the  rock  is  put  when  crushed.  We  must  reach  a  limit, 
where  Mr.  Soper's  law  of  pivotal  points  or  decreasing  returns^  will 
apply,  and  in  the  writer's  opinion,  this  place  has  been  reached  and  in 
some  cases  passed,  with  equipment  in  existence  today.  There  are 
probably  a  few  isolated  places  where  still  larger  crushers  could  be 
used  to  advantage,  but  he  considers  them  very  few  in  comparison 
with  those  where  the  larger  crushers  could  not  be  so  employed. 

1  Ellis  Soper.    The  Rotary  Kiln.    The  Journal,  October  1910,  p.  1577. 
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In  Par.  56,  Mr.  Mason  refers  to  the  crushing  strains  being  taken  up 
internally  because  the  rolls  act  as  an  anvil.  As  a  matter  of  fact,  the 
fflonnous  crushing  strains  do  not  reach  the  bearing  or  frame  without 
being  greatly  absorbed,  since  if  this  were  not  the  case  neither  would 
withstand  the  strains  that  would  come  upon  it.  It  is  a  question, 
however,  whether  the  gyroscopic  action  of  these  enormously  heavy, 
rapidly  revolving  rolls  does  not  do  a  great  deal  more  to  absorb  the 
crushing  strains  than  the  inertia  due  to  the  weight  of  the  rolls 
themsdves,  irrespective  of  the  rotation. 

In  Par.  60,  Mr.  Mason  estimates  the  capacity  of  the  rolls  at 
55,000  tons  per  hour,  if  a  solid  stream  of  crushed  rock  were  de- 
livered from  the  rolls.    His  method  of  calculation  is  practically  the 
same  as  that  used  in  obtaining  the  capacity  of  smaller  smooth-faced 
rolls.   In  his  computation  the  writer  has  assumed  that  these  smaller 
rolls  were  filled  with  soft  plastic  clay  which  would  pass  between 
the  rolls  with  no  voids,  and  he  has  figured  the  contents  of  the 
ribbon  of  clay  that  would  be  wound  through  the  rolls  in  a  minute 
or  an  hour  in  cubic  feet.    For  rock  he  has  assumed  that  a  certain 
proportion  based  on  actual  practice  of  this  theoretical  cubic  feet 
content  would  be  voids,  and  that  the  balance  would  be  crushed 
rock,  weighing  100  lb.  per  cu.  ft.    Thus  for  the  problem  in  hand, 
Mr.  Mason  states  that  18,306  cu.  ft.  would  pass  the  rolls  in  one 
Dainute.    Assuming  nine-tenths  to  be  voids  and  one-tenth  rock,  as 
would  be  the  maximum  in  rolls  of  this  character  in  normal  operation, 
1830  cu.  ft.  of  rock  would  actually  pass  the  rolls,  which  at  100  lb. 
per  cu.  ft.,  would  be  91^  tons  per  minute,  or  5490  tons  per  hour. 
In  Par.  61,  Mr.  Mason  describes  a  means  of  cutting  off  the  cur- 
rent from  the  motor  driving  the  rolls  to  avoid  the  peak  loads.     I 
do  not  exactly  understand  how  this  operates,  assuming  the  motor 
to  be  an  induction  motor,  as  the  current  consumed  by  an  induc- 
tion motor  varies  inversely  in  speed,  that  is,  the  slower  the  speed, 
the  greater  the  current  consumed  and  the  power  output.    Thus, 
Msuming  that  the  motor  was  not  disconnected,  the  rolls  would  not 
be  slowed  down  as  much  in  the  crushing  action,  on  account  of  the 
power  supplied  by  the  motor,  as  if  the  motor  were  disconnected 
during  the  crushing  action.     After  the  crushing  had  been  accom- 
plished, therefore,  in  the  case  of  disconnecting  the  motor  when  the 
current  was  turned  on  again,  the  motor  and  rolls  would  be  rotating 
^t  a  slower  speed  than  if  the  motor  was  not  disconnected,  and  the 
peak  load  of  current  used  would  be  greater  until  the  rolls  had  been 
brought  up  to  speed  again. 


182  SYMPOSIUM  ON  CEMENT  BCANUFACTURE 

Professor  Landis'  paper  gives  the  impression  that  mechanical 
engineers  engaged  in  the  cement  industry  have  not  done  so  much 
toward  developing  this  industry  to  the  highest  possible  state  of 
efficiency  as  they  should,  or  as  engineers  engaged  in  other  in- 
dustries have  done  during  the  same  period  of  time.  Thus  the 
figures  given  in  Par.  26  of  16  lb.  of  coal  required  theoretically  to 
bum  a  barrel  of  clinker,  as  opposed  to  90  lb.  of  coal  actually  used, 
seem  especially  bad;  but  upon  considering  what  these  figures  mean, 
and  comparing  them  with  the  efficiency  in  the  use  of  coal  in  railway 
locomotives,  steam  power  plants,  etc.,  they  appear  on  the  contrary 
to  be  exceptionally  good.  For  example:  a  locomotive  burning  4 
lb.  of  coal  per  h.p-hr.  at  12,000  B.t.u.  per  lb.,  uses  48,000  B.t.u.  per 
h.p-hr.,  while  theoretically  it  should  have  used  approximately  2540 
B.t.u.;  or  where  90  lb.  of  coal  was  burned,  theoretically  the  combus- 
tion should  have  been  4}  lb. 

Making  the  comparison  with  a  gas  engine,  using  1  lb.  of  coal  per 
i.h.p.  at  the  same  heat  value,  12,000  B.t.u.  is  used,  where  2540 
should  have  been  used;  or  where  90  lb.  of  coal  is  consumed  less  than 
20  lb.  should  have  been  used.  When  the  actual  amount  of  fuel  con- 
sumed in  locomotives  and  in  stationary  power  plants  is  compared 
with  that  used  in  the  cement  industry,  the  waste  by  comparison  is 
very  much  greater  in  these  other  industries  and  the  cement  engineer 
as  well  as  the  cement  chemist,  should  be  congratulated  upon  making 
so  excellent  a  showing  in  comparison  with  the  development  of  econo- 
mies in  other  industries  during  the  same  period  of  time.  Greater  fud 
economies  are  desirable  in  the  cement  industry  and  I  think  every- 
one  is  working  towards  this  end.  Engineers  engaged  in  other  indus- 
tries can  unquestionably  make  themselves  valuable,  by  pointing  out 
methods  of  economy  that  have  been  developed  in  their  own  line, 
with  all  the  details  of  which  those  engaged  exclusively  in  the  cement 
industry  may  not  be  familiar.  The  freer  the  interchange  of  ideas 
between  engineers  engaged  in  one  industry  and  those  engaged  in 
another,  the  better  for  both.  For  example,  the  question  of  dust 
collecting  in  the  cement  industry  is  more  or  less  in  its  elementaiy 
stages,  while  in  the  smelting  of  precious  ores  it  has  been  carried  to  a 
fine  point  and  there  are  ample  data  and  plenty  of  examples  aviulable. 

The  point  made  in  Par.  12  of  Professor  Landis'  paper,  has  already 
been  referred  to.  Every  plant  manufacturing  cement  from  rock  has 
a  crushing  plant  in  connection  with  it  that  is  very  similar  to  a  great 
number  of  commercial  crushing  plants  in  existence  in  this  country  and 
the  problems  are  the  same  in  both  as  regards  the  size  of  the  largest 
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crusfaer.  There  is  no  question  but  that  it  can  be  overdone,  but  this 
does  not  seem  the  tendency  in  the  cement  industry.  There  seem  to  be 
very  few  cement  plants  that  can  afford  to  use  a  smaller  crusher  than 
a  No.  18  gjrratory  with  two  36  in.  by  8  ft.  receiving  openings,  and 
unless  the  rock  is  mined  or  quarried  by  the  gloryhole  process,  or  lies 
in  ledges  so  thin  that  it  is  blasted  into  very  small  pieces,  no  cement 
plant  should  have  a  crusher  smaller  than  a  No.  12,  having  two  open- 
iogs,  27  in.  wide.  While  it  may  be  true  that  only  a  few  pieces  of 
twk  will  come  from  the  quarry  more  than  36  in.  across,  it  is  equally 
true  that  a  great  many  are  only  a  little  smaller  than  this. 

In  Par.  13  Professor  Landis  states:  "It  is  only  recently  that 
attempts  have  been  made  to  utilize  the  hot  gases  from  the  kilns  to 
perfonn  the  drying  of  the  mix.''  Professor  Landis  would  seem  to  be 
mistaken,  as  several  installations  made  eight  or  ten  years  ago  are 
recalled  by  the  writer,  as  well  as  a  number  made  at  various  intervals 
since  then,  and  he  believes  this  has  been  tried  a  number  of  times  in 
Germany;  while  he  does  not  know  of  any  recently  made  and  working 
with  great  success.  The  difficulty  is  not  all  in  the  drying  of  the  rock, 
as  in  many  cases  this  can  be  done  easily,  but  in  the  hampering  of  the 
kifai  in  its  primary  function  of  producing  Portland  cement.  Any 
attempts  to  save  waste  heat  that  hamper  the  kiln  in  this  function  are 
ultimately  a  detriment.  This  has  been  the  greatest  drawback  to  the 
utilization  of  the  waste  gases.  Another  thing  that  must  not  be 
overlooked  is  the  fact  that  these  waste  gases  are  absolutely  inert  and 
do  not  contain  any  burnable  gases.  The  only  heat  value  they  possess 
is  that  due  to  their  temperature  alone,  and  they  put  out  any  auxiliary 
fire  with  which  they  may  come  in  contact  since  they  consist  of  a  very 
great  percentage  of  CO2  and  N.  It  would  be  interesting  to  know 
more  of  the  details  of  the  recent  installations  referred  to  by  Professor 
Landis  in  Par.  13,  as  the  writer  believes  that  a  way  will  be  discov- 
ered eventually  to  utilize  the  waste  gases,  which  carry  away  most  of 
the  heat  now  lost,  without  hampering  the  kiln. 

Par.  16  deals  with  the  value  of  the  impalpable  powder  produced 
by  the  grinding  machines  and  the  loss  of  this  powder  occasioned  by 
^  separation.  Both  air  separation  and  fine  screening  can  be 
^^ed  too  far,  but  either  are  advantageous  up  to  a  certain  point, 
once  by  taking  out  a  certain  portion  of  this  impalpable  powder  from 
^  grinding  machine,  it  prevents  the  cushioning  of  the  blow  of  the  grind- 
^  parts  which  results  when  the  machine  is  largely  filled  with  this 
^powder  and  prevents  the  grinding  of  the  coarser  particles. 

Par.  17  relates  to  the  wet  process.    Unquestionably  a  great  deal 
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f'hn  Iff'  ]eiLmfd  ref^rdingtfae  efficient  use  of  this  process  from  Gerniany, 
^'inr^  wondfrf u]  strides  fa&Te  been  made  theie  in  the  past  few  years. 
It  is  cf/nndered  &t  present  by  some  of  the  eminent  engineav  to  be 
U'tt'i^  than  the  dry  prooesE.  While  this  may  be  true  in  Germany, 
how^/^,  thi«  co^intiy  has  made  such  wonderful  strides  in  the  de- 
'/t'htjnufmi  fd  the  dry  process,  that  h  is  the  fuD  equiralait  of  and 
]9ftt\fit\t\y  a  little  superior  to  the  modem  wet  process  in  Germany. 

In  Par.  18.  Professor  Landis  refers  to  50  or  100  per  cent  of  water  in 
a  mit>A  of  ground  material  in  the  wet  process.  In  Germany  at  the 
irti-^rut  tiri^e  what  the  thick  slurry  process  is  called  is  running  on  as 
1 1  f  iU:  Hh  25  per  cent  or  less  of  water. 

\h  n^i^ds  storage,  discussed  in  Par.  20,  the  question  of  shutting 
'iowfj  'rver^-thing  but  the  rotary  Idlns  in  a  cement  mill  over  Sunday, 
til  ord'iT  to  establish  better  conditions  for  the  workmen,  is  just 
ariifffig.  It  is  becoming  more  and  more  difficult  to  get  good  operators 
lo  work  seven  days  a  week  all  through  the  season  and  I  believe  shut- 
li'jL  down  the  mill  on  Sundays  will  ease  the  labor  atuation,  as  wdl 
ix>,  ipitnuii  such  repairs  as  are  required  to  be  made  during  the  busy 
}^ra>)on,  without  loss  in  time  to  the  kiln. 

Par,  22  states  that  in  size  these  kilns  vary  from  60  ft.  long  and  5  ft. 
in  diameter  up  to  240  ft.  long  and  12  ft.  in  diameter.  There  are  kilns 
ifj  US';  varying  from  one  size  to  the  other,  but  the  modem  cement 
\A:xni  does  not  install  a  kiln  smaller  than  125  ft.  by  8  ft.,  and  150  ft. 
l/y  10  ft.  would  seem  to  be  very  much  nearer  the  standard  mse  kiln 
that  will  be  installed  in  the  next  year  or  so.  Kilns  smaller  than  these 
are  now  considered  obsolete. 

In  Par.  23  the  sizes  of  kiln  stacks  are  discussed.  At  least  two  of  the 
l;<;ttr;r  manufacturers  of  kilns  have  now  carefully  established  sizes  of 
kiln  stacks  and  all  kilns  of  any  given  size  have  the  same  size  stack, 
which  is  properly  adapted  to  the  kiln  with  such  minor  modifications 
a!5  might  become  necessary,  depending  upon  the  location  of  the  plant, 
<;ilhc!r  in  a  valley  between  two  hills  or  upon  an  open  plain. 

In  Par.  26  reference  is  made  to  the  saving  in  heat  in  the  rotaty 
kiln  by  roj^eneration  in  an  undercooler.  The  installation  of  a  rotaty 
coolf.T  immediately  under  the  kiln  is  an  ideal  one  where  it  can  be  made. 
Th(;  writer  has,  however,  been  unable  to  figure  out  a  greater  fuel 
saving  than  approximately  5  per  cent,  the  amount  actually  borne  out 
in  practice. 

Ii<*garding  the  saving  in  heat  lost  by  radiation  from  the  kiln  shells, 
without  questioning  its  desirability  the  writer  has  found  heretofore 
that  the  extra  investment  required  to  conserve  the  small  amount  of 


DISCUSSION  BT  P.   C.   VAN  ZANDT  185 

that  can  be  saved  is  too  great  to  warrant  going  very  far  in  this 
direction,  unless  the  investors  are  satisfied  with  a  return  approximat- 
ing 7  per  cent  or  less  upon  the  money  invested.    A  great  many  people 
have  suggested  putting  a  covering  on  a  rotary  kiln  outside  the  steel 
ahell.   This  cannot  be  done,  since  in  order  to  prevent  the  steel  from 
becoming  overheated  and  thereby  weakened,  the  heat  communicated 
to  it  from  the  brick  lining  must  be  radiated.    The  only  place  where 
insulating  material  can  be  put  is  inside  the  shell.    This  applies, 
of  course,  to  the  hot  end  only  and  this  is  the  only  part  of  the  kiln 
sbells  where  excessive  radiation  takes  place.    As  a  matter  of  fact, 
tlie  question  of  diminishing  the  returns  upon  the  investment  is 
1^7  what  prevents  the  installation  of  a  great  many  of  the  so-called 
coonomies. 

The  cement  business  cannot  be  conducted  upon  a  very  narrow 
''largin  at  the  present  time  on  account  of  the  fluctuation  of  the  price. 
Suppose  a  cement  plant  has  $1,000,000  invested  in  it,  is  earning  20 
per  cent  during  good  seasons,  and  the  investment  of  $500,000  more 
^ould  result  in  the  earning  of  7  per  cent  upon  the  extra  investment. 
The  earning  upon  the  entire  investment  would  then  be  15}  per  cent, 
*iid  this  extra  investment  therefore  appears  undesirable  in  an  indus- 
^ay  where  the  earnings  may  be  decreased  15  per  cent  by  a  single  cut 
m  the  price. 

In  Par.  32  it  is  stated  that  the  Iiehigh  region  is  producing  cement  as 
cheaply  as  any  district  in  the  country  and  cement  manufacturers 
have  to  strive  hard  to  cut  the  total  cost  at  the  mill  below  $0.55  to  $0.60 
P^r  bbl.    In  spite  of  the  natural  advantages  in  the  Lehigh  Valley, 
the  average  mill  cost  is  not  believed  to  be  so  low  as  in  some  other 
districts.    There  are  mill  costs  running  under  the  figures  named, 
but  there  seems  to  be  no  standard  method  of  calculating  the  mill 
costs.    Furthermore,  the  publishing  of  these  mill  costs,  which  are 
very  much  lower  than  the  ultimate  cost  is  not  fair  to  the  industry, 
since  cement  sold  at  $0.80  per  bbl.,  for  example,  would  seem  in  con- 
sequence to  carry  a  good  profit.    There  are  very  few  plants  in  this 
country  at  the  present  time  that  can  afiford  to  sell  cement  continu- 
ously for  $0.80  per  bbl.  at  the  mill.     The  depreciation  of  the  equip- 
wient  due  to  the  rapid  strides  in  the  industry  is  an  item  that  seldom 
shows  up  correctly  upon  the  cost  sheet.. 

Cement  manufacturers  are  more  liberal  with  the  interchange  of 
data  among  themselves,  both  as  regards  costs  and  details  of  opera- 
tion, than  any  other  industry.  To  that  fact  alone  is  due  the  rapid 
welopment  and  improvement  in  an  industry  which  has  placed  the 
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United  States  in  the  front  rank  of  all  countries  producing  Portland 
cement,  while  15  or  20  years  ago  it  was  behind  all  the  great  Portland 
cement  producing  countries  of  Europe. 

ORAL  DISCUSSION 

Frank  B.  Gilbreth  asked  if  the  setting  of  cement  could  be  delayed 
in  any  way  without  injury.  It  would  be  very  helpful  in  connection 
with  building  construction  to  be  able  to  add  to  the  mixture  at  the 
time  it  is  mixed  wet,  something  that  will  keep  it  from  setting  for  four 
or  five  hours  without  injury. 

R.  E.  Meade^  replied  that  several  materials  can  be  added  for  this 
purpose,  of  whjlch  gypsum  is  one  of  the  best.  Engineers  would  proba- 
bly have  to  use  it  in  the  form  of  plaster  of  paris.  In  adding  it  great 
care  should  be  exercised  and  the  amount  to  be  employed  would  have 
to  be  determined  in  each  case  by  experiment.  Up  to  a  certain  per- 
centage plaster  slows  the  set  of  cement,  but  after  this  it  has  the  effect 
of  quickening  it. 

Cement  clinker  as  it  comes  from  the  kiln  will  set  almost  immediatdy. 
In  the  manufacture  of  Portland  cement  gypsum  is  added  to  delay  the 
setting,  but  if  too  much  is  used  the  cement  will  set  as  quickly  as  if 
none  had  been  added.  Hydrated  lime  could  also  be  used,  but  s 
larger  percentage  would  be  necessary,  perhaps  even  as  high  as  8 
or  10  per  cent.  Calcium  chloride  can  be  used,  about  the  same 
quantity  of  this  as  of  plaster  being  required.  Sugar  added  in  small 
quantities  would  delay  the  set  also,  but  this  is  said  to  be  injuriottt. 

W.  R.  Dunn,  in  reply  to  a  question,  said  that  the  waste  heat  from 
the  rotary  kilns  had  been  used  in  several  cases  to  heat  water  for 
boilers,  but  that  it  was  more  frequently  employed  to  dry  raw  material. 

Mr.  Dunn  stated  that  the  loss  of  cement  dust  from  the  stacks  of 
the  rotary  kilns  could  be  largely  but  not  entirely  prevented  by  the 
use  of  large  dust  catchers  at  the  end  of  the  kilns.  His  practice  showed 
this  loss  to  be  in  the  neighborhood  of  2  per  cent  and  at  times  as  lowas 
1  per  cent. 

H.  Struckmann  said  that  experiments  had  shown  that  from  5  to 
7  per  cent  of  the  material  was  lost  through  the  stacks,  and  that  it  had 
become  necessary  to  prevent  this  loss,  especially  where  the  cement 

^General  Manager,  Tidewater  Portland  Cement  Co.,  Baltimore,  Md. 
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plants  are  located  in  thickly  populated  districts.  A  solution  of  the 
difficulty  was  to  be  found  in  the  adoption  of  the  wet  process.  He  had 
never  seen  a  plant  employing  the  wet  process  discharge  as  much  dust 
from  its  stacks  as  the  average  dry  plant. 

The  problem  of  making  a  plant  operate  under  the  wet  system  as 
effidffltly  as  the  dry  plants  is  comparatively  simple,  and  the  dust 
nuisance  is  here  practically  eliminated. 

The  small  amount  of  dust  lost  in  the  wet  process  can  be  reduced 
to  a  minimum  by  employing  proper  methods  for  injecting  the  slurry 
into  the  kiln.  At  the  present  time  the  slurry  is  delivered  to  the  kiln 
in  a  solid  stream,  permitting  the  escaping  gases  to  carry  part  of  the 
nw  material,  from  which  the  water  has  been  driven  off,  with  it.  If 
pay  nozzles  are  used,  similar  to  the  method  used  for  injecting  water 
into  jet  condensers,  the  gases  on  their  way  to  the  stack  would  pass 
this  spray  of  sliury,  which  would  arrest  the  dust  and  very  materially 
lower  the  temperature  of  the  waste  gases,  consequently  increasing 
the  dldency  of  the  kiln. 

R.  E.  MsADB  agreed  that  a  spray  nozzle  would  increase  the  effici- 
Qtcy  greatly,  but  he  thought  it  would  increase  the  loss  of  dust. 
He  believed  that  more  careful  attention  to  the  design  of  kilns  and 
stacks  would  help  to  eliminate  dust  with  the  dry  process.  The 
opening  from  the  kiln  to  the  stack  is  often  made  too  small,  and  the 
velocity  of  the  gas  is  thereby  greatly  increased  just  at  the  point  where 
fte  raw  material  is  admitted.  TSlth  lower  velocity  of  gas  at  this 
point  and  larger  dust  chambers  at  the  base  of  the  stacks,  much  less 
would  be  lost  than  is  now  the  case.  The  discharge  of  the  raw  material 
near  the  bottom  of  the  kiln  instead  of  at  the  middle  should  tend  to 
^uce  this  loss  also. 

C.  J.  Rbillt*  stated  that  he  had  been  connected  with  both  the 
Wet  and  the  dry  processes  for  a  number  of  years,  and  agreed  that  the 
niaterial  does  not  become  dry  within  15  ft.  of  the  point  where  it  is 
^Anitted  to  the  kiln.  In  the  case  of  one  of  his  plants,  located  next 
to  a  factory  where  newly  varnished  furniture  was  placed  close  to  the 
windows,  it  became  necessary  to  eUminate  the  dust  nuisance  entirely, 
^trying  many  other  methods,  the  problem  was  solved  by  putting 
*D  ordinary  cactus  spray  into  the  stack  and  using  a  small  quantity 
w  Water  under  ordinary  pressure.    As  the  gases  pass  through  the 

^Pt;  Sandusky  Portland  Cement  Co.,  Syracuse,  Ind. 
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spray,  the  dust  is  caught  and  taken  to  the  bottom  of  the  stack  as 
sediment.  This  method  has  entirely  eliminated  the  emission  of  dust 
from  the  stacks  and  the  consequent  loss  of  finely  ground  raw  material. 

G.  P.  Hemstrbbt  thought  that  the  inference  might  be  drawn 
from  the  paper  by  Mr.  Griffiths  that  the  shaft  and  wheel  drive  was  to 
l)e  preferred  for  a  cement  plant,  or  for  any  similar  process  which  mif^t 
be  described  as  a  chain  process,  that  is,  where  the  material  starts 
at  one  end  and  goes  through  a  series  of  machines,  a  stoppage  of  any 
one  of  which  would  hinder  the  entire  process. 

About  two  years  ago  he  was  about  to  design  a  large  stone-crushing 
plant,  and  had  under  consideration  both  the  shaft-driven  and  the 
electrically-driven  plant.  In  his  visits  to  a  number  of  cement  and 
stone-crushing  plants  and  installations  of  coal-handling  machinery, 
he  found  quite  a  difference  of  opinion  regardmg  the  relative  merits 
of  the  two  types.  The  majority  of  the  men  in  charge  of  these  plants, 
however,  favored  the  electrically-driven  plant,  while  Mr.  Griffiths 
seemed  to  believe  that  this  type  is  not  as  efficient  on  the  B.t.u.  basis 
as  the  belt  or  rope-driven  plant. 

In  a  chain  process  there  are  other  things  to  consider  besides  the 
actual  operating  efficiency.  For  example,  on  a  large  lineshaft  several 
feet  long,  containing  a  number  of  clutches,  pulleys  and  rope  drives, 
any  trouble  with  one  of  the  drives  will  necessitate  the  stopping  of  the 
entire  shaft  or  the  throwing  out  of  a  large  clutch.  The  speaker 
mentioned  the  many  difficulties  experienced  with  clutches,  and 
and  asked  the  experience  of  others  present  regarding  the  value  of 
such  installations  as  compared  with  electrically-driven  plants. 

F.  L.  ScHWENCK^  stated  that  the  manufacture  of  Portland  cement 
from  blast-furnace  slag  had  become  quite  prevalent  in  Europe,  and 
asked  whether  American  engineers  regarded  this  as  equal  to  Portland 
cement  made  from  other  materials. 

Wm.  M.  Kinney-  replied  that  two  kinds  of  cement  were  being  manu- 
factured from  granulated  blast-furnace  slag.  One,  Puzzolan,  or  so- 
called  slag  cement,  which  is  a  mixture  of  granulated  blast-furnace 
slag  and  slaked  lime;  the  other,  a  true  Portland  cement,  in  the  manu- 
facture of  which  a  definite  proportion  of  granulated  blast-lumaoe 
slag  and  limestone  is  first  finely  pulverized,  then  burned  at  a  high 

'Hurrakur  Iron  Wks.,  Kulti,  E.  I.  llwy.,  Bengal,  India. 

^Asst.  Inspc.  Engr.,  Universal  Portland  Cement  CJo.,  Pittsburg,  Pa. 
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temperature  (close  to  3000  deg.)  in  rotary  kilns.  The  resultant 
h&rd  clinker  is  ground  to  powder.  The  process  of  manufacturing 
Portland  cement  from  slag  and  limestone  is  identical  with  that  manu- 
factured from  natural  deposits. 

Oyer  7,000,000  bbl.  of  Portland  cement  manufactured  from  blast- 
fiunace  slag  and  limestone  were  used  in  the  United  States  last  year, 
being  more  than  9  per  cent  of  the  entire  Portland  cement  output  of 
tiiis  country.  This  material  in  every  way  fulfils  the  standard  speci- 
fications for  Portland  cement  of  the  American  Society  for  Testing 
Materials  and  those  given  in  professional  paper  No.  28  of  the  United 
States  Army  Engineers. 

W.  S.  Landis  asked  whether  the  power  required  for  grinding  wet, 
plus  that  required  to  pump  the  mixture,  plus  that  required  to  stir 
it  up  in  the  agitator,  is  equal  to  the  power  required  for  dry  grinding. 

H.  Stbuckmann  in  reply  said  that  a  number  of  tests  had  shown  an 
average  saving  of  from  30  to  35  per  cent  in  power  by  grinding  wet, 
besides  a  much  better  fineness  of  the  material. 

A  great  many  plants  in  the  West  use  shale,  wet  clay  or  chalky  lime- 
atone  for  raw  material,  containing  from  15  to  20  per  cent  of  moisture 
in  the  natural  condition.  To  drive  off  this  moisture  preparatory  to 
grinding  the  material  dry  requires  as  high  as  300,000  B.t.u.  per  bbl. 
In  such  cases  there  is  no  question  but  the  wet  process  is  the  more 
wonomical,  provided  the  kilns  are  long  enough  to  take  care  of  the 
burning  as  well  as  the  drying  process  in  one  operation. 

The  relative  merits  of  the  wet  and  dry  process  may  be  illustrated 
by  the  development  which  has  recently  taken  place  in  Europe, 
when  practice  has  been  directed  towards  fuel  economy,  the  most 
nnportant  item  in  the  cost,  and  where  the  gradual  gain  of  the  wet 
process  would  indicate  its  merits.  ,^ 

C.  J.  Rbillt  referred  to  the  statement  in  the  paper  by  Professor 
I^ndis  regarding  the  abandonment  of  the  air  separator  in  grinding 
r^w  materials,  agreeing  that  the  old  method  of  separating  by  air  is 
obsolete  and  worthless  for  the  purpose  there  intended,  but  citing 

*  case  in  which  he  had  found  a  new  method  quite  useful.     In  grinding 

*  hard  Trenton  rock  and  silicious  clay  so  that  92  to  94  per  cent  passed 

*  200-me8h  sieve,  it  was  found  impossible  in  the  ordinary  way  ]>y 
^g  screens  to  get  the  output  with  a  reasonable  amount  of  power. 
An  experimental  plant  was  installed,  and  air  separation  tried  in  con- 
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nection  with  a  standard  mill,  with  the  result  that  the  grinding 
found  to  be  as  good  as  on  any  modem  mill,  although  the  poweroon- 
sumption  was  35  per  cent  less  than  has  yet  been  accomplished  in  tbe 
cement  industry.    The  new  method  has  improved  the  quality  of  the 
material  over  that  coming  from  the  tube  mills,  this  new  device  being 
applied  to  the  Fuller  mills  and  entirely  eliminating  the  tubemillf 
formerly  used  for  the  purpose. 

W.  B.  RuGGLES  said  that  he  had  recently  designed  a  3000-bbL 
mill  in  which  all  the  materials  were  separated  by  air.  Ten  RayinoDd 
mills  were  installed  and  gave  a  product  of  96  per  cent  through  a  100- 
mesh  sieve  and  91  per  cent  through  a  200-mesh  sieve.  The  cost  of 
quarrying,  transporting  the  materials  through  the  mill  on  an  aerial 
tramway,  crushmg,  storing,  removing  from  storage,  drying,  grinding 
with  Williams  mills,  pulverizing  with  Raymond  mills,  and  deliv^ing 
to  the  bins  of  the  rotary  kilns  is  $0 .71  cents  per  ton. 

F.  H.  Lewis.    At  the  end  of  any  given  period  in  the  operation  of 
a  cement  plant  there  are  two  results  of  operation  which  can  be  accu- 
rately determined;  (a)  the  barrels  of  cement  produced;  and  (6)  the 
nimiber  of  tons  of  coal  used  at  the  steam  plant.    There  is  one  detail 
of  operation  which  is  extremely  difficult  to  determine  with  any  degree 
of  accuracy;  that  is,  the  total  number  of  h.p-hr.  developed  by  the 
steam  plant.     The  writer  has  never  seen  this  accurately  recorded  il^ 
a  direct-driven  steam  plant.     It  can  be  done  with  recording  watt- 
meters and  a  sufficient  amount  of  labor  in  an  electric  plant;  but  if 
there  are  any  reliable  data  of  this  kind  for  cement  plants,  they  have 
not  come  to  the  writer's  notice. 

Taking  Mr.  Griffiths'  figures  for  coal  used  per  bbl.  of  cement  as 
given  in  Table  4,  we  find  steam  coal  per  bbl.  of  cement  for:  plant  No. 
1,  107  lb.;  plant  No.  2,  69  lb.;  plant  No.  3,  71  lb.;  plant  No.  4,  200 
lb.;  and  plant  No.  5,  93  lb.  This  gives  us  data  based  on  results  of 
operation  which  are  regularly  accounted  for  in  cement  bookkeejmig; 
and  also  results  which  can  be  compared  with  other  similar  data.  The 
figures  for  plants  Nos.  2  and  3  are  average  normal  results;  for  plant 
No.  1  the  figures  are  high,  but  also  normal  for  a  plant  of  the  character 
described  by  Mr.  Griffiths.  For  plant  No.  5^the  figures  are  hi^ 
while  for  plant  No.  4  the  cost  of  boiler  fuel  is  ruinous.  It  is  quite 
certain  that  the  best  stoam  plants  arc  producing  a  barrel  of  cement 
with  loss  than  60  Ih.  of  boiler  fuel,  and  electric  plants  with  lees  than 
70  1b. 
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When  we  consider  Mr.  Griffiths'  Table  3,  however,  we  find  the 
eoalperb.p-hr.  to  be  high,  even  for  plants  Nos.  2  and  3  which  are  oper- 
iting  successfully  at  full  output;  and  the  h.p.  per  bbl.  of  cement  for 
these  plants  to  be  low.  That  is,  the  product  of  these  two  factors 
JBDonnal,  but  the  subdivision  appears  to  have  been  made  on  an 
flflBumption  which  gives  high  figures  for  coal  and  low  figures  for 
power.  It  is  no  uncommon  thing  in  cement  plants  for  engines  to 
cany  10  per  cent  to  40  per  cent  over  their  rating.  As  a  general  prop- 
oolk»i  cement-plant  engines  operate  with  loads  varying  frequently 
irithin  short  intervals,  from  no  load,  or  friction  load,  to  an  overload. 
Tie  difficulty  of  arriving  at  the  h.p-hr.  under  such  conditions  is 
ipparent  and  probably  has  not  been  sufficiently  considered  by  Mr. 
Griffiths. 

CLOSURES' 

W.  S.  Lajibis.  The  cement  industry,  like  most  others  of  similar 
widespread  activity,  does  not  permit  of  standardization,  that  is,  a 
standard  mill  could  not  be  designed  to  fit  all  conditions  of  raw  ma- 
terial supply,  and  it  is  thus  that  the  problem  of  the  wet  and  the  dry 
processes  has  arisen.  In  the  Lehigh  region  with  the  supply  of  an 
almost  homogeneous  raw  material,  the  dry  process  is  used  exclusively. 
In  certain  other  districts  of  the  country  the  raw  material  is  of  such 
inegular  composition  that  some  sort  of  receiver  for  adjustment  of 
tke  mix  seems  almost  a  necessity  and  the  wet  or  semi-wet  process 
with  its  slurry  tanks  oflfers  a  solution. 

The  precious  metal  industry  has  furnished  us  with  abundant  inf or- 
"Wtion  on  the  advantages  of  wet  crushing  and  grinding,  and  Mr. 
Skruckman  has  given  in  his  discussion  of  my  paper  data  of  direct 
>PpIication  in  confirmation  of  these  facts,  regarding  fuel  saving 
«ad  fine  grinding,  which  I  consider  to  be  the  most  valuable  con- 
tribution to  the  industry  in  many  years. 

Admitting  now  that  a  semi-wet  process  can  operate  with  approxi- 

fliately  35  per  cent  water  and  that  the  raw  materials  as  received  at 

the  mill  contain  5  to  10  per  cent  water,  the  question  arises,  is  it 

most  advantageous  to  dry  this  material  and  grind  it,  or  to  add  20 

to  30  per  cent  more  water  to  it  and  then  dry  it  in  the  kiln;  or  is  the 

total  cost  of  agitating,  pumping  and  drying  in  the  kiln  less  than 

that  of  advancing  to  the  same  stage  of  product  in  the  dry  mill, 

allowing,  of  course,  for  the  difference  in  grinding  power?  An  engineer 

"ecogmxea  as  absurd  the  statement  often  made  that  the  evaporation 

4  the  water  in  the  kiln  takes  no  fuel  because  the  gases  leaving  the 
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kiln  are  hot  anyway.  Any  heat  used  in  the  kiln  for  drying  could 
be  employed  just  as  advantageously  in  raising  the  temperature  of 
the  dry  material  as  in  evaporating  water.  I  am  sure  that  all 
would  advocate  the  wet  process  did  the  raw  material  as  it  is  taken 
from  the  ground  contain  the  30  to  35  per  cent  water  demanded  by 
the  process,  but  where  water  is  actually  and  intentionally  added, 
a  different  phase  is  presented.  And,  to  complicate  the  question 
still  further,  we  must  note  that  certain  successful  mills  are  receiving 
wet  raw  material,  drying  it  completely,  grinding,  adding  water  and 
pumping  to  slurry  tanks  for  further  treatment,  as  in  a  true  wet 
process. 

I  think  Mr.  Van  Zandt  s  comparison  of  fuel  economy  in  the 
cement  industry  and  in  standard  power  practice  is  somewhat  over- 
drawn.   A  good  steam  boiler  will  put  75  per  cent  of  the  heat  value 
of  the  coal  into  steam.    The  steam  engine  on  the  other  hand,  trans- 
forms into  work  only  about  20  per  cent  of  the  heat  in  the  steam 
supplied,  the  difference,  the  latent  heat  of  the  condensation  of  the 
steam  not  being  transformable  into  work  in  the  steam  engine. 
Thermodynamics  teaches  us  that  this  latent  heat  of  condensation, 
amounting  to  approximately  60  per  cent  of  the  calorific  power  of 
the  coal  burned  under  the  boiler,  will  never  be  available  to  tie 
steam  engine,  no  matter  to  what  stages    engine  design  ms^  be 
developed.    If  Mr.  Van  Zandt  will  leave  out  of  the  question  this 
latent  heat  and  examine  th^  work  of  the  mechanical  engineer  with 
respect  to  the  transformation  of  the  rest  of  the  heat  he  Anil  have  » 
different  comparison.     The  latent  heat  (reaction  heat)  in  the  case 
of  the  cement  kiln  amounts  to  only  18  per  cent  of  the  calorific 
value  of  the  coal  burned. 

In  the  case  of  the  gas  engine,  the  comparison  is  more  favorable. 
A  good  gas  producer  will  put  85  to  92  per  cent  of  the  heat  value  of 
the  coal  burned  into  gas.  The  engineer  has  been  too  bu^y,  however, 
perfecting  an  engine  that  will  run  to  spend  much  time  on  tiie  econom- 
ical side.  I  firmly  believe  that  in  the  next  ten  years  the  eflSdency 
of  the  gas  engine  and  accessories  will  be  very  markedly  raised. 

Mr.  Van  Zandt  in  discussing  the  \ise  of  the  waste  kiln  gases  fcff 
drying  the  mix  has  called  attention  to  the  failure  of  the  eystem  ad- 
vocated in  the  paper.  As  this  question  has  been  brought  up  » 
often  and  the  failures  have  been  so  pronounced  it  demands  attention. 
In  the  installations  made  years  ago  an  ordinary  dryer  was  connected 
in  series  with  a  kiln.  The  draft  of  the  kiln  was  so  hindered  tiiat 
fuel  could  not  be  bunied  at  the  desired  rate  and  the  output  wai 
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th^by  greatly  reduced.  What  else  could  be  expected  where  a  4-ft. 
diyeris  connected  to  the  end  of  an  8-ft.  kiln  (figures  somewhat 
exaggerated),  the  drier  bemg  heavily  loaded  with  rock  dropping 
through  the  free  space  leaving  no  room  for  the  great  volume  of  kiln 
gases?  The  free  space  in  the  drier  should  be  even  larger  than  that 
in  the  kiln  if  the  draft  is  to  be  preserved.  Had  a  10-ft  drier  of 
suitable  length  been  used  instead  of  the  smaller  one  no  trouble 
wouid  have  been  experienced.  There  is  such  an  installation  of  drier 
and  kihi  successfully  working  in  the  Lehigh  region. 
Mr.  Van  Zandt's  reference  to  the  fuel  saving  by  the  use  of  an 
uuleroooler  opens  up  an  interesting  question.  The  simple  under- 
fiooler  costs,  in  many  cases,  less  than  the  elaborate  cooling  towers  so 
often  erected  to  dispel  the  heat  in  the  clinker  to  the  surrounding 
atmosphere.  Thus  its  use,  even  if  it  saves  only  5  per  cent  (I  have 
figured  it  out  higher  than  this)  of  the  fuel  is  worth  consideration. 
Again,  if  the  cost  of  the  plant  is  a  serious  consideration,  there  is 
the  alternative  of  doing  away  with  either  system  and  discharging 
the  clinker  directly  from  the  kilns  into  a  car  fitted  with  a  water 
qffay.  This  will  quickly  dissipate  the  heat,  slake  the  ''free"  lime 
and  so  avoid  the  necessity  of  aging,  and  consequently  soften  the 
choker,  saving  an  enormous  amount  of  power  in  the  finishing 
gtinding.  If  properly  handled  the  clinker  can  be  made  to  dry 
itself.  I  have  never  quite  imderstood  why  more  general  use  of  this 
was  not  made. 


W.  H.  Mason.  I  certainly  do  not  agree  with  Mr.  Van  Zandt  in 
his  belief  that  the  largest  rock  which  can  be  econoniically  handled 
is  one  that  can  pass  through  a  steam  shovel  dipper.  In  my  opinion, 
the  largest  rock  that  can  be  economically  handled  is  of  a  size  such 
that  it  can  be  manipulated  by  the  crusher.  The  danger  of  damaging 
CMS  from  the  teeth  of  the  steam  shovel  is  not  serious,  if  the  car  is 
properly  designed  for  this  service.  The  writer's  experience  has  been 
that  20  cars  are  damaged  by  ordinary  train  movements  to  one  that 
18  damaged  by  loading  large  stone  on  the  cars. 

Referring  to  the  tachometer  test,  I  would  state  that  no  two  of 

™8e  show  the  same  result,  as  would  be  expected.     It  is  usual  for 

tne  slugger  roll  to  be  reduced  somewhat  more  in  speed  than  the  regu- 

^  ^^;  but  this  is  not  always  the  case,  for  occasionally  the  regular 

delivers  a  slugging  blow  and  shows  a  proportional  reduction  in 

«peea.     j^^  jg  ^jg^  common  to  have  large  stone  so  shattered  in  one  or 

0  8/u^Qg  biQ^j,^  i\^i  ^1  ^hg  remaining  stone  will  come  within  the 
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angle  grip  of  the  rolls,  and  apparently  this  is  what  took  place  on 
chart  Ky  shown  in  Fig.  7. 

Referring  to  Mr.  Van  Zandt's  suggestion  that  the  peak  load  would 
be  greaterif  the  chrcuit  breaker  threw oflF  the  current  during  the  crush- 
ing period,  I  would  state  that  the  recording  watt-meter  connected 
to  the  motors  driving  these  rolls  does  not  bear  him  out. 

L.  L.  Griffiths.  Mr.  Lewis  loses  sight  of  the  fact  that  the  follow- 
ing conditions  affect  fuel  or  coal  consumption  irrespective  of  whether 
the  power  plant  is  used  in  connection  with  a  cement  plant  or  some 
other  industry.  First  we  have  the  B.t.u.  value  of  the  fuel,  second 
the  chemical  composition  of  the  fuel  especially  with  reference  to  the 
ash  forming  elements,  third,  the  type  and  design  of  the  furnace  Id 
which  the  fuel  is  used,  fourth,  the  efficiency  of  the  prime  mover, 
fifth,  the  mechanical  efficiency  of  the  arrangement  of  the  power  trans- 
mission machinery,  and  sixth,  the  physical  condition  of  the  machinery 
operated. 

The  designs  of  different  general  classes  of  grinding  machinery  in  the 
cement  mill  also  vary  widely  with  reference  to  the  barrel  output  com- 
pared with  the  power  consumption,  all  of  which  must  be  considered. 

Mr.  Lewis'  further  criticism  that  the  figures  for  coal  used  were  those 
accounted  for  by  the  bookkeeping  department  of  the  cement  plant 
is  correct;  but  in  this  connection  I  may  say  that  they  are  the  ones  on 
which  money  settlement  is  made  and  that  the  money  investment  is 
what  affects  the  cost  per  barrel. 

In  the  direct-connected  plants  cited  in  the  paper  the  power  output 
of  the  engines  was  determined  by  indicator  cards  taken  daily  on  each 
shift.  The  possibility  of  error  is  present,  but  the  fact  that  the  figures 
used  in  compiling  the  data  given  in  the  paper  were  from  yearly 
results  and  not  short  test  periods  makes  the  possible  error  negli^ble. 

With  reference  to  the  electrically-driven  plants  the  pK)wer  plant 
output  is  accurate  as  both  these  plants  are  equipped  with  continuous 
recording  watt-meters. 

Mr.  Lewis  is  not  correct  in  his  statement  that  the  loads  in  a  cement 
plant  vary  within  short  intervals,  as  it  is  generally  recognised  that 
the  cement  plant  gives  a  very  uniform  power  curve,  varyinK  onlv 
between  the  day  and  night  shifts  by  the  difference  in  power  reouiie- 
ments  of  the  store  house,  which  usually  operates  but  ten  hours  na 
day,  and  the  lighting  load,  which  is  thrown  on  at  sunset 

If  all  the  conditions  set  forth  in  the  paper  are  considered  th 
of  the  varying  fuel  consumption  per  barrel  in  the  grouT>  of  ^T^^i 
given  will  be  readily  seen.  *^        piani 
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In  the  branches  of  mechanical  engineering  and  manufacturing 
devoted  to  complicated  and  highly  finished  business  and  domestic 
appliances,  as  distinguished  from  the  many  simpler  and  rougher 
forms  of  hardware,  the  direct  labor  costs  of  assembling  the  numerous 
small  interchangeable  parts  are  very  important  items.  They  often 
considerably  exceed  the  whole  cost  of  the  material  and  the  expense 
incurred  upon  them  is  much  more  within  the  control  of  the  manage- 
ment. 

2  Long  before  any  proposals  were  made  towards  the  general  modi- 
fication of  the  day-rate  system  of  labor  rewarcl  in  most  plants,  the 
large  industries  mentioned  had  been  driven  by  necessity  to  cheapen 
and  intensify  production  by  methods  more  or  less  systematic. 

3  The  movement  in  mechanical  engineering  in  recent  years  to- 
wards scientific  time  study  of  labor  tasks  owes  much  to  the  proceed- 
mgs  of  the  Society,  particularly  to  the  contributions  and  well-con- 
sidered generalizations  of  Messrs.  Fred.  W.  Taylor  and  H.  L.  Gantt. 
It  is  now  fully  realized  that  the  scientific  principles  advocated  are 
simply  conmaon  sense  organized  to  a  high  degree  and  that  what  is 
needed  is  not  so  much  expert  advice  and  stafif  and  equipment  changes 
as  a  firm  realization  of  the  possibilities  by  an  efficient  management 
and  the  ability  successfully  to  inoculate  the  existing  organization 
^th  like  optimism. 

4  This  movement  found  many  interchangeable  parts  industries  in 
*  position  very  favorable  for  profiting  by  it  and  not  a  few  of  them  have 
resumed  the  economical  evolution  of  their  processes  and  labor  methods 
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along  the  new  lines  at  a  rapid  pace  after  a  period  of  more  or  less  stagna- 
tion. They  have  accomplished  this  in  many  cases  by  adopting  the 
new  principles  in  full,  but  using  the  existing  staffs  and  appliances 
and  dispensing  with  the  capital  outlays  and  outside  expert  aid  which 
is  sometimes  absolutely  necessary  in  machine  shops  when  the  change 
of  system  is  very  marked. 

5  Table  1  is  a  typical  organization  chart  for  a  works  employing 
several  thousand  people  in  the  interchangeable  parts  industry  when 
the  great  bulk  of  the  parts  production  is  assembled  into  finely  adjusted 
machines.  It  is  the  purpose  of  this  paper  to  outline  and  illustrate 
briefly  the  principles  upon  which  the  parts  assembly  department  is 
conducted,  but  they  are  equally  applicable  to  all  the  manufacturing 
branches  indicated  on  the  chart. 

6  Economical  parts  assembly  implies,  among  other  things,  the 
securing  for  such  operations  in  shop  practice  at  the  initial  stages  in  the 
history  of  a  new  part  of 

o  The  highest  assembly  speed,  and 

b  The  prescribed  quality  of  work;  neither  more  nor  less. 

7  If  these  conditions  are  fulfilled,  the  best  economy  will  be  most 
quickly  attained  when 

c  The  classes  of  labor  available  are  properly  selected,  graded 
and  trained. 

8  Economical  assembly  is  sometimes  attained  by  indirection,  after 
a  long  drawn-out  and  intermittent  process  of  elimination,  trials  and 
modifications  based  upon  rough  occasional  observations  by  foremen 
and  others  of  ordinary  workers  in  the  shop.  This  course  is  costly, 
uncertain  and  slow,  and  early  expensive  and  inefficient  conditions 
are  apt  to  be  perpetuated. 

9  Starting  with  small  interchangeable  parts  of  the  most  practicable 
form,  the  management  of  such  a  works  is  in  a  position  to  determine 
for  itself,  without  the  guesswork  sometimes  necessary  in  compli- 
cated machine  tool  operations,  the  best  assembly  arrangements  of 
apparatus  and  of  labor.  Any  plant  doing  light  repetition  work  in 
quantities  can  afford  to  devote  a  small  inexpensive  department  en- 
tirely to  this  task  and  to  cease  the  guessing  methods,  whether  aided 
by  premiums  or  not,  which  often  do  duty  for  painstaking  time  study 
and  efficient  initial  criticism  of  apparatus  and  routine. 

10  Certain  preliminary  precautions  and  results  in  the  machine 
shop  and  other  departments  producing  the  unit  pieces  to  be  assembled 
are  necessary,  such  as 

d  The  designing  of  the  form  of  the  part  with  quick  assem- 
bling in  view. 
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TABLE  1  ORGAXIZATIOX  OF  LARGE  WORKS  MAKING  AND  ASSEMBLING 
SMALL  INTERCHANOEABLE  PARTS 


EXECUTIVE 
DEPARTMENTS 


G 


HR^ 


GENKRAL 
OFFICE 


Correspomlenre 
Cashier  ami  Bookkeeper 
Industrial  Bettennonts    ^ 
Time  Records  and  Payroll 
Rate  Records 
posting  and  Inventories 


Works*  Bulletin" 
Sugeestion  Sy  ntem 
ForeinensClub  House 
Works  Band 
First  Aid 


PT'Rru  vm\r    [P^^'^'^'^^^B  '^*^^'  Material  and  Supplies 
<Receivin8Clerk,Teams,  RR. Siding 
[Raw  Material  and  Supply  Stores 

FINISHED  [Finished  Parts  Stock  Room 

SnS?!?  A?i5lv.  Ussues  all  Production  Orders  for  Parts 
PRODLCIION    1  ,,,,.* 

ORDERS  (Issues  all  Parts  for  Machine  Manufacture 


SHIPPING 


fStock  of  Finished  Machines.Packing  Room 
^Shipping  and  Billing  Machine  andPart  Orders 


WORKS 
ENGINEERING 


Light,  Heat.Power,  Ventilation 
Millwrights, Electricians.PInmliers 
Fire  Corps  .Watchmen,  Yard  Labor 


MANUFACT 
URING 

DEPARTMENTS 
Superintendent 


MANl'FACT- 
URE  OF 
PARTS 
Asst.Supt. 
and  Foremen 


MANIFACT 
URE  OF 
MACHINES 
Asst.Supt- 
and  Foremen 


Pattern  Shop 
Brass  Foundry 
Iron  Foundry 
Japanning 
Tinsmiths 
Drop  Forging 
Punch  and  Pri^  Work 
Automatic  and  Hand  Screw 
Annealing  and  Hardening 
^General  Grinding 
Light  Milling  and  Dtilling 
Cai»t  Iron  Milling  and  Drilling 
Polishing 

Plating  and  Buffing 
Wood  and  Rubber  Working 
Assembling  Compound  Parts 
Tool  Desigolng  and  Model  Making 
Tool  Making 
Inspecting  Parts 
Testing  Rates  and  Methods 

Assembling  Machine  Group  No.l 
Assembling  Machine  Group  No.2 
Assembling  Machine  Group  No.3 
Assembling, Final  Stage 

Inspecting  Machines 
Adding  Special  Fixtures 
Rebuilding  Machines 
School  of  Repairing 
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e  The  designing  and  proper  maintenance  of  efficient  tools^  jigis 
and  fixtures,  working  to  practicable  limits  in  the  dimen- 
sions and  fits. 

/  An  efficient  parts  inspection  service,  securing  in  every  depart- 
ment adherence  to  these  limits  and  the  rejection  of  all 
defective  unit  parts. 

g  The  adoption  for  each  unit  piece  of  a  shop  routing  in  the 
machine  and  other  departments  which  will  produce  the 
fitting  surfaces  in  the  conditions  permitting  the  least  work 
in  assembling.  The  total  abolition  of  the  file  or  other 
cutting  tools  at  the  bench  should  be  aimed  at. 

11  If  the  foregoing  conditions  are  observed,  the  speed  of  assembly 
will  then  depend  upon 

h  The  extent  to  which  the  division  of  labor  is  carried. 

I  The  thoroughness  of  the  time  study  of  skilled  demonstrators 
in  each  division,  including  the  elimination  of  lost  motion 
and  the  criticism  of  the  machined  unit  pieces. 

j  The  efficiency  of  the  mechanical  facilities  provided  by  the 
management  for  aiding  the  work  of  assembly. 

12  If  the  above  ten  conditions  (a  to  j  inclusive)  are  by  suitable 
organization  fulfilled  for  any  new  piece  before  it  is  presented  to  the 
workers  in  any  way  and  the  assembly  work  done  is  accepted  only  after 
passing  an  efficient  inspection,  a  straight  piecework  system  of  remun- 
eration will  often  be  found  best  in  the  interests  of  employer  and  em- 
ployee alike. 

13  After  such  a  close  preliminary  study  and  exhaustivie  develop- 
ment of  the  possibilities,  there  is  no  such  margin  remaining  as  obtains 
in  the  rough  approximations  of  premium  setting  where  the  processes 
are  often  left  to  evolve  slowly  and  uncertainly  at  the  initiative  of  the 
workers  and  overseers  alone.  The  employees,  therefore,  may  well  be 
given  the  whole  of  their  gains  on  the  prescribed  standard  task. 

14  Tables  2  to  5  show  a  few  examples  of  the  division  of  labor  and 
speed  of  workers  on  straight  piecework  tasks  in  the  assembly  of  small 
interchangeable  parts,  where  all  the  conditions  essential  to  the  highest 
economy  have  been  thoroughly  and  expeditiously  worked  out  before 
the  assembly  task  is  presented  to  the  manufacturing  department. 
Table  2  gives  the  final  arrangements  as  determined  by  the  task 
and  method  department  for  a  mechanical  assembly  using-  the  labor 
of  men,  women  and  hoys,  while  Tabh\s  .S,  4  and  5  are  examples  of  three 
mechanical  tasks  performed  by  mc^n,  women  and  boys  separately. 
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15  Owing  to  the  minute  division  of  labor  and  the  elimination  by 
careful  study  of  all  lost  motion,  most  of  the  tabulated  assembly 
stages,  it  will  be  noted,  are  performed  in  much  less  time  than  it  takes 
to  describe  them.  About  three-quarters  of  a  million  unit  pieces  of 
several  thousand  varieties  are  handled  daily  on  the  principles  laid 
down,  passing  successively  through  most  of  the  27  manufacturing 
departments  indicated  in  Table  1.  The  total  operations  involve  the 
use  of  about  20,000  straight  piece  rates,  each  based  upon  the  results  of 
exact  preliminary  time  and  method  studies. 

16  Apparatus.  The  course  followed  in  attaining  such  results 
varies  according  to  the  nature  of  each  department,  but  the  main 
features  are  the  same  for  all  and  will  be  sufficiently  indicated,  the 


Fio.  1    PowBR  Speed  Lathe 


writer  believes,  by  describing  the  concrete  parts  assembly  tasks  of 
Tables  2  to  5.  In  addition  to  an  ordinary  bench  vise,  a  4-oa. 
hammer,  a  bench  anvil  block  and  screw-drivers,  the  rest  of  the  tools 
used  consist  of  simple  machines  and  fixtures,  and  embrace  the  fol- 
lowing: a  power  speed  lathe  (Fig.  1),  a  vertical  power  tapping  ma- 
chine (Fig.  2),  a  bench  pin-insertion  fixture  (Fig.  3),  a  Bradley  hammer 
(Fig.  4),  a  horizontal  power  tapping  machine  (Fig.  5),  a  bench  gage 
fixture  (Fig.  6). 

17  It  will  be  noted  that  the  file  is  absent  from  the  above  list.  The 
poesession  or  use  by  any  assembler  of  this  mechanical  persuader 
toward  a  fit  is  forbidden,  unless  after  due  cause  shown  and  under 
special  permit.  The  writer  has  found  that  such  a  prohibition  will 
often  throw  a  considerable  amount  of  new  light  upon  the  real  condi- 
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iioQ  and  suitability  of  the  machiDed  surfaces  prepared  in  the  other 
shops  and  which  have  passed  the  prescribed  gage  tests.  The  general 
tendency  of  this  course  is  to  raise  the  whole  level  of  machine  shop 
practice  and  to  help  greatly  in  locating  more  definitely  for  the  tool 
designer  and  maker  needed  refinements  and  corrections  in  the  jigs 
and  fixtures,  as  well  as  in  other  processes. 

18  MeUwd.  Prior  to  the  introduction  into  the  shops  of  any  new 
assembly  operations,  such  as  those  described,  the  prescribed  appara- 
tus, which  is  the  best  that  the  collective  experience  of  superintendent, 
foreman  and  tool  engineer  can  devise,  is  handed  over  to  the  time  and 
motion  study  department,  the  few  expert  employees  of  which  pro- 
ceed to  operate  with  it  on  a  manufacturing  scale.   They  handle  large 


Fio.  2    VzsncAL  Powbb  Tapping  Machimb 


quantities  of  product  which  is  subject  to  all  the  usual  inspection  tests 
and  passes  into  the  manufacture.  In  this  way  the  cost  of  the  time 
study  department  ia  reduced  to  a  very  small  figure,  for  the  working 
time  of  its  experts  is  fully  as  productive  as  that  of  the  shop.  These  few 
experts  have  been  selected  and  organized  from  the  ranks  of  ordinary 
employees  in  the  works  who  have  shown  considerable  versatility  and 
the  power  of  comparative  observation.  When  such  initial  criticism 
of  the  apparatus  and  parts  supplied  as  has  been  well  taken  has  been 
put  into  effect,  it  is  the  duty  of  this  department  to  ask  and  answer 
quickly  by  expert  demonstrations  the  following  questions  regarding 
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Fia.  4    Bbadlit^Hamueb 


the  particular  operations  cited,  the  motions  being  carefully  studied 
as  to  their  necessity  and  timed  as  to  their  duration: 

a  Best  height  and  position  of  the  seat  or  chair  for  the  operator 
h  (male  or  female)  at  the  bench  or  machine. 
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b  Best  position  in  front,  or  on  right  or  left  of  operator,  of  the 
several  stocks  of  each  unit  piece  comprised  in  the  assem- 
bly task. 

c  Best  position  of  the  hand  tools  and  appliances  which  the 
operator  has  to  pick  up  and  apply  and  lay  down  again. 

d  The  advantage,  if  any,  which  an  ambidextrous  operator 
has  at  any  stage,  and  the  cultivation  of  that  faculty. 

e  Best  arrangement  for  bringing  forward  and  removing  the 
work  without  interrupting  the  assembly  process. 


•HOT 


A. 


"1     h 


D 


/ 


d 


rm^s^ 


Fig.  5    Horizontal  Powbr  Tapping  Machine 


Fig.  6    Bench  Gage  Fixture 


/  Progressive  time  study  under  the  best  conditions  of  each 

of  the  movements  finally  decided  upon  as  necessary  and 

the  combination  of  all  of  them  on  the  principle  of  'Ueast 

work." 

When  the  possibilities  are  fully  in  view  a  straight  piece-rate  is  fixed, 

based  on  these,  which  will  give  an  industrious  worker  of  average  ability 

in  each  grade  the  normal  earnings,  while  the  exceptional  operator 

receives  the  full  amount  of  his  surplus. 
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19  The  system  described  in  this  paper,  for  a  few  tasks  of  one 
depaxtment  only,  is  applied  to  all  the  manufacturing  divisions,  with 
details  appropriate  to  their  needs.  It  is  also  applicable  in  kind,  if 
not  in  d^pree,  to  economizing  many  functions  in  the  executive  divi- 
sion. There  is  but  one  study  staff  of  six  members  for  the  whole 
works.  These  soon  record  standardized  conditions  for  every  class  of 
manual  and  machine  operation  and  their  work  on  any  new  problem 
or  revision  is  quickly  and  economically  performed. 

20  The  writer  does  not  favor  the  restriction  of  the  ordinary  shop 
foremen  solely  to  productive  supervision  but  prefers  to  encourage  them 
to  compete  freely  with  the  time  study  staff  for  the  best  result.  If 
pains  are  taken  to  give  publicity  to  all  good  suggestions  adopted  from 
foremen  a  surprising  amount  of  very  profitable  cooperation  can  be 
obtained  from  them,  which  enhances  instead  of  diminishes  their 
administrative  ability. 


No.   131^& 

THE  PROCESS  OF  ASSEMBLING  A  SMALL  AND 

INTRICATE  MACHINE 

Bt  Halcoui  Ellis,!  Nkwabk,  N.  J. 

Non-Member 

21  The  machine  here  described  is  little  larger  than  an  ordioary 
typewriter,  but  the  number  of  parts  is  greater  and  the  mechanisms 
included  within  it  are  much  more  complicated.  It  is  known  as  the 
EUis  Adding-Typewriter,  and  is  composed  of  about  3400  pieces 


^■0'  T  The  Ellis  ADDiHO-TrPswRrnm  with  Glass  Sides  Removed 

'''^''ibled  in  various  ways.  Before  taking  up  the  question  of  the 
"ssemblingj  it  may  be  well  to  give  a  brief  description  of  the  machine 
'"^  and  what  it  will  do. 

'General  Manager,  Ellis  Adding-Typewriter  Co.,  Newark,  N.  J. 

"fesenicd  at  the  Spring  Meeting,  Pittsburgh  1911,  of  The  Au&rican  Socibtt 
"'HicinHioAL  Engineers. 
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22  The  machine  (Fig.  7)  is  primarily  a  typewriter,  and  includes 
all  of  the  elements  which  go  to  make  up  any  other  standard  form  of 
visible  printing  typewriter.  It  is  provided  with  a  universal  keyboard 
having  42  keys,  shift-keys  for  capitals  and  signals,  tabulating  devices 
and  keys  for  operating  them,  automatic  ribbon  movement  and 
ribbon  reverse,  a  device  for  using  a  bi-chrome  ribbon,  thereby  en- 
abling the  operator  to  do  the  printing  in  two  different  colors,  and 
a  large  number  of  little  mechanical  conveniences  for  helping  the  oper- 
ator in  a  speedy  execution  of  his  work. 

23  Also  incorporated  in  the  machine  is  a  complete  adding  and  list- 
ing machine,  provided  with  a  keyboard  containing  81  numeral 
keys  for  the  setting  up  of  nmnbers  to  be  added  and  nine  operation 
keys  for  setting  the  machine  to  perform  the  different  operations  of 
calculation  for  which  it  is  designed.  The  adding  mechanism  controls 
its  own  printing  device  for  the  printing  of  numbers,  and  all  totals  and 
sub-totals  or  other  results  of  arithmetical  computations  are  printed 
automatically  on  this  machine.  The  typewriting  type  and  the  adding 
type  print  on  the  same  horizontal  line,  and  the  printing  from  both  is 
entirely  visible. 

DESIGNING  THE  MACHINE  TO  SECURE  RAPID  ASSEMBLY 

21  The  need  of  a  very  definite  system  in  the  designing  of  a  machine 
of  this  character,  in  order  that  it  may  be  assembled  at  all,  is  evident, 
and  it  is  also  clear  that  it  would  be  a  commercial  impossibility  to 
assemble  it  as  a  whole,  i.e.,  if  each  machine  were  to  be  built  up,  piece 
by  piece,  by  the  same  man.  The  solution  of  the  assembling  problem 
lay  in  the  subdivision  of  assembling  and  this  was  accomplished  by 
dividing  the  machine  into  sections.  These  sections  in  turn  were 
divided  into  sub-sections,  small  groups  of  assembled  parts,  assembled 
parts  and  individual  pieces.  The  machine  as  a  whole  was  divided  into 
16  sections,  and  each  section  was  given  a  letter;  then  to  keep  the 
symbol  numbers  in  order  the  individual  parts  were  numbered  accord- 
ing to  the  following  schedule: 

SECTIONS  OF  ELLIS  ADDING-TYPEWRrTBR 

A  "  Accumulator  Mechanism 

B  a  Base,  Frames,  Case,  Spring  Barrel,  Carriage  Ways 

C  «-  Carriage 

D  =  Left-hand  Operating  Parts,  Governor 

E  "  Escapement 
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F  s  Tabulating  Mechanism  and  Belli  and  Line  Lock 

H  »  Holder  for  Paper  Roll 

I  *■  Ink  Mechanism 

K  a  Keyboard  and  Parts  for  Adding  Mechanism 

L  a  Left-hand  Controlling  Parts 

O  a  Operating  Handle,  Shafts  and  Parts  connected  therewith 

P  =  Printing  Mechanism 

R  »  Reducer  or  Concentrator  Shaft  and  Parts 

S  s  Shifting  Part  of  Carriage 

T  =■  Typewriter  Parts 

SUBDIVISION  OF  EACH  SECTION 

0-9    Shafts 

10-29  Studs,  Pins  and  Screws 
30-44  Collars  (Screw  Machine  Parts  having  Holes) 
45-49  Castings 
50-74  Punched  Parts 
75-79  Drop  Forgings 
80-S9  Springs 
90  -99  Miscellaneous  Parts  not  in  above  classification 

A  general  system  was  also  required  in  the  designing  of  the  machine 
itself  in  addition  to  the  numbering  of  the  individual  parts.  Iron 
castings  were  determined  upon  to  form  the  bases  and  the  main  frames 
on  which  the  other  parts  are  mounted.  Most  of  the  latter  are  made 
of  sheet-metal  pimchingSy  combined  with  and  suspended  on  screw 
machine  parts,  and  so  mounted  on  the  iron  castings.  Each  section  of 
the  machine  was  designed  to  be,  so  far  as  possible,  a  complete  work- 
ing unit,  interchangeable  on  different  machines.  Each  section  was 
arranged  to  have  the  fewest  possible  points  of  connection  to  the 
operating  means,  since  it  is  easier  to  obtain  synchronism  where  the 
motive  power  is  derived  from  a  single  source  rather  than  from  a 
plurality  of  sources. 

25  Next  there  was  the  grouping  of  members  and  parts  for  similar 
functions.  This  grouping  is  of  twofold  advantage.  In  some  cases  it 
is  of  material  benefit  to  the  operator  of  the  machine,  and  in  other  cases 
of  benefit  to  the  assembler  in  putting  the  machine  together.  The 
necessity  for  this  grouping  and  segregation  of  parts  is  almost  as  great  in 
a  machine  of  this  kind  as  in  a  department  store,  where  it  is  easy  to 
imagine  the  confusion  that  would  result  if  the  store  were  maintained 
and  all  the  departments  abolished.  In  consequence  of  this  grouping 
the  typewriter  keys  are  entirely  separate  from  the  adding  machine 
keys,  the  operation  keys  of  the  adding  machine  are  in  a  single  column 
on  the  left-hand  side  of  the  adding  machine  keyboard,  the  adding 
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machine  tabulating  key  on  the  adding  machine  keyboard,  and  the 
typewriter  tabulating  key  is  with  the  typewriter  keys. 

26  Regarding  the  inside  of  the  machine  it  can  be  said  that  all 
shafts  which  have  a  constant  motion  when  the  handle  of  the  adding 
machine  is  operated  are  controlled  by  the  mechanism  on  the  right-hand 
side  of  the  machine,  while  shafts  which  hare  an  irr^ular  movement 
in  relation  to  the  handle  movement  are  controlled  by  the  mechanism 
on  the  left-hand  side  of  the  machine. 

27  The  adding  machine  itself  is  moimted  on  two  vertical  cast-iron 
side  frames  extending  longitudinally  of  the  machine.  The  parts 
between  the  two  frames  are  primarily  for  executing  the  work  of  cal- 
culation and  printing,  while  the  parts  on  the  outside  of  the  two  frames 
are  for  determining  and  directing  the  operation  of  the  parts  between 
the  frames. 

28  These  facts  may  not  seem  to  have  much  bearing  on  the  problem 
of  assembling  the  machine  itself,  but  they  are  of  extreme  importance 
in  this  connection.  By  knowing  the  location  of  the  parts  which  do  the 
work  the  assembler  is  assisted  in  inspecting  the  work  as  he  goes  along 
and  is  instantly  enabled  to  locate  troubles  and  faults.  If  the  machine 
were  designed  without  this  separation  of  functions  it  would  be  vay 
difficult  indeed  to  determine  just  what  the  trouble  might  be  in  many 
cases  where  the  parts  are  out  of  sight. 

29  There  are  many  other  limitations  in  the  designing  of  a  machine 
of  this  character,  such  as  the  convenience  of  the  machine  to  the  opera- 
tor, so  as  to  enable  him  to  attain  speed  in  the  execution  of  his  woik; 
the  character  of  the  parts  and  the  method  of  producing  them,  such  as 
punchings,  screw  machine  parts,  castings,  etc.,  and  the  means  of  ma- 
chining and  finishing  these  parts  so  that  they  can  be  used  interchange- 
ably. Esthetic  considerations  must  be  applied  to  determine  the  sise, 
form,  color  and  finish  of  surface,  ornamentation,  etc.,  of  the  machine 
as  a  whole.  Also,  the  assembling  and  operation  requirements  call 
for  consideration  in  the  design.  These  include  the  limitations  of  the 
materials  in  strength,  lightness,  hardness,  elasticity,  etc.;  the  allow- 
ance of  clearance  to  correct  errors  due  to  distortion;  the  spring  (rf 
parts;  the  effect  of  rebound  and  means  of  overcoming  it;  irregularities 
in  castings  and  in  the  machining  of  parts;  changes  due  to  variation  in 
temperature,  etc.  Those  arc  some  of  the  points  which,  if  carefully 
considered  by  the  designer,  help  somewhat  in  the  ultimate  assembUng 
of  the  machine,  and  if  neglected  arise  spectre-like  to  worry  the  maker 
afterwards. 
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THE    PBOOOCTION    OF   PARTS 


30  System  in  desigoiiig  is  the  first  step  in  ttie  assembling;  the 
seoood  step  is  the  accurate  production  of  individual  parts  and  the 
ucunte  assembling  of  small  groups  of  these  parts.  In  general,  the 
partg  in  this  machine  aie  of  three  kinds:  punchings,  screw  machine 
puts,  ud  casting.  The  latter  have  various  machine  operations  on 
them. 

31  He  pmichings  of  which  this  machine  is  mainly  composed, 
ire  all  produced  from  dies  sinular  to  that  shown  in  Fig.  8,  and 


Pia.  8    TmoAL  Blankino  Dh 


ue,  properly  speaking,  sub-press  dies.  The  work,  however,  is  not 
'Huined  into  the  stock  as  in  many  forms  of  sub-press  work,  but  passes 
"injugh  the  orifice  in  the  bottom  of  the  lower  bolster.  Over  400  dies 
i^thia  general  character  are  required,  and  the  component  parts  were 
°ttde  of  standard  razes  and  in  considerable  quantities.  The  bolsters 
"id  caps  were  planed  or  milled  in  good-^zed  lots  and  then  drilled  and 
'**iDed  for  the  guide  posts,  which  were  ground  to  size  in  lots.  The 
*^^  parts  for  the  dies,  strippers  and  punch  holders  were  also  made  up 
'» quantities  of  standard  size,  carefully  ground  top  and  bottom,  and 
^  die  stock  was  labeled  with  the  brand  of  steel  and  blued  for  the 
%onL    There  were, of  course,  anumber  of  standard  sisesof  stock  sub- 
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presses.    The  punch  stock  was  not  made  in  standard  Goxee  bi 
cut  specially  in  each  case. 


Fra.  9    Two-Stkp  PBoaRxaaiVB  BLANKiNa  Dis  toe  & 


>,  10    Tures-iStbp  I'nooRBaaivf:  Blankinq  Die  foe  51  I 


32    While  the  great  majority  of  puiKhing  dies  are  of  this 
kind,  there  are  also  many  others  much  more  complicated,  as  sb 


RALCOLH  BLLIB 


Fis.  12    Ribbon  Vibkatohs  51  I  and  .50  I 
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EHg.  0,  which  is  a  two-step  progressive  blEtnking  die,  and 
which  is  a  three-step  progresave  blanking  die. 

33  Bending,  drawing  and  forming  dies  are  mounted,  in 
in  the  same  type  of  sul>press  and  vary  in  character  froi 
simple  to  quite  complicated  ones.  One  of  the  more  comp 
is  shown  in  Fig.  11,  and  the  piece  it  produces,  in  tl 
finished  shape,  in  Fig.  12.  The  flat  blanks  being  producec 
shown  in  Figs.  9  and  10  are  the  ribbon  vibrators,  which 
bent  to  the  finished  shape  by  one  operation  of  the  bendin] 


Fia.  13    Lbtt  Sn>B  Fbam>  B  47,  Drill  Jiq  and  Haik 

34  The  making  of  the  dies,  together  with  the  othe 
this  machine,  required  the  services  of  about  40  toohn 
period  of  over  three  years. 

35  A  few  of  tiie  screw  machine  parts  are  finishet 
forming  machines,  but  most  of  them  are  made  on  Brown 
automatic  screw  machines,  the  processes  and  tools  bein{ 
different  from  those  generally  employed. 

36  The  castings  are  the  most  complicated  pieces  in  tl 
but  an  effort  has  been  made  to  keep  the  machine  operatic 
as  simple  and  straight  as  possible.    As  on  illustration,  the 
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B  46  and  B 47  (see  Fig.  13)  are  of  uniform  thickness  through  all  flanges 
and  bosses.  These  castings  have  an  allowance  of  only  1  mm.  in  thick- 
ness for  finish  on  the  two  sides.  They  are  straightened  in  a  press, 
after  bdng  heated,  and  are  then  japanned.  Following  this  they  are 
ground  to  size  on  Pratt  and  Whitney  vertical  surface  grinding  machines 
at  the  rate  of  about  five  minutes  per  pair.  No  diflSculty  is  CTcperienced 
in  bringing  the  two  sides  of  these  frames  perfectly  flat  and  parallel, 
with  a  variation  in  thickness  not  over  0.01  nmi.  After  the  frames  are 
ground,  they  are  drilled  and  milled.  The  left-hand  frame^  B  47,  has 
61  holes  through  it,  requiring  over  200  operations.  The  master 
plate  from  which  the  drill  jig  was  made  required  about  70  days'  time 
of  the  most  expert  workmen.  The  resultant  plate  contains  66  holes 
true  to  drawing  within  0.01  nmi.  As  an  illustration  of  the  effect  of 
this  kind  of  work  on  a  man,  it  might  be  mentioned  that  after  about 
30  days'  work  it  was  discovered  that  the  workman  had  made  a  mis- 
take in  his  calculations  which  put  about  20  of  the  holes  0.1 
mm.  wrong,  and  the  discovery,  made  by  the  man  himself,  so  unnerved 
him  that  he  broke  down  and  wept  and  had  to  stop  work  for  the  day 
to  recover  himself. 

37  Stock  records  of  the  manufactured  parts  of  this  machine 
we  kept  on  typical  card  forms  adapted  to  the  peculiar  requirements  of 
this  machine.  The  operation  card,  perpetual  inventory,  and  stock 
order  forms  are  too  well  known  to  be  shown;  but  the  fonn  called  the 
^ket  (Fig.  14),  which  shows  the  progress  of  the  work  on  every  piece 
Airing  the  progress  of  a  lot  of  machines,  may  be  of  interest.  By 
taming  over  the  pages  of  this  docket,  it  can  be  seen  at  a  glance 
^t  work  has  been  done  and  what  remains  to  be  done  on  every 
individual  piece  composing  the  machine;  how  long  it  has  taken  to  do 
Rework;  and,  by  referring  to  back  entries,  how  long  it  will  take  to 
Withe  work.  This  form  is  much  more  visible  than  any  card  index 
system,  and  is  correspondingly  more  useful  to  the  foremen  and  super- 
intendents. 

ASSEMBLING  THE  SECTIONS  OF  THE  MACHINE 

^  The  assembling  of  the  machines  is  first  done  by  building  up 
^hat  arc  known  as  sections,  after  which  the  sections  are  connected 
^0  form  a  complete  machine.  The  growth  of  a  single  section 
^H  be  illustrated  by  showing  how  the  parts  in  the  A  section  come 
Aether.    This  section  is  located  at  the  rear  of  t\\v  machine.    It  con- 

• 

^^  of  two  entirely  separate  and  independent  adding  mechanisms 
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moiuited  in  a  nngle  frame,  each  being  controlled  by  a  single  connect- 
inj  bar  fn»n  the  operating  mechanism  of  the  machine,  as  shown  in 
%  7.   The  individual  parts  that  compose  section  A  are  assembled  as 


Fia.  19    Test  Gaob  for  A  51  amd  51  A 
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Fio.  20    Typical  Test  Gaoeb 


"liown  in  Fig.  15.    Here  a  series  of  parts  are  shown  in  progressive 
^ps,  from  the  original  machine  pieces  up  to  sub-section  A/50. 

39  A  33  and  A  52  combine  to  make  A/2,  to  which  is  added  A  18, 
■^ng  A/20.  In  the  same  way  12  A,  A  33  and  A  53  are  assembled, 
"''^e  A/3.   Two  screws,  A  16,  are  inserted  in  the  ends  of  A  48,  mak- 
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ing  A/4.    The  shaft  A  3  is  mserted  through  a  Beries  of  holes  in  A/4, 
and  as  it  is  inserted  eight  pieces  A/3  and  nine  pieces  A  /20  are  strung 


Fia.  22    Milling  Fixtures  and  Gamq  Cdttehb  fob  A  48  ams  48  A 

upon  it,  making  A/30.    Next  a  perforated  strip  A  60  has  a  series  of 
springs  A  82  connected  to  it,  making  7/ A,  which  is  mounted  on  A  30 
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bj  KTCWS  A  29,  and  the  springs  A  82  are  connected  at  their  free  ends 
to  the  small  pins  12  A  of  the  pieces  A/3.    There  are  nine  pieces  A/20, 


\-^^ 


Fio.  24    Section  B/50— First  Opbratiom 

employed  and  to  fill  up  the  gap  which  would  othiTwise  bt;  occupied 
"J  the  piece  A/3,  an  extra  hub  A  33  is  inserted  in  the  space  between 
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the  piece  A/20  and  the  side  of  A  48.  In  the  same  way  the 
wheels  A  50,  their  side  carrying  cams  A  51,  are  mounted  on  tl 
A  31  and  secured  by  rivets  A  LO,  forming  a  piece  A/1,  and  a  i 
bearing  rod  A/5  serves  as  a  pivot  about  which  these  wheels  1 
revolve,  shaft  \Jb  being  inserted  through  holes  in  the  end  of  tl 
A/40.  When  these  wheels  are  mounted  on  the  shaft  A/6,  in  ' 
tion  A/40,  the  piece  is  complete  and  becomes  A/50.  This  is  ki 
a  sub-section,  which  is  a  complete  unit  in  itself,  but  goed  to 
main  section. 


25    Section  B/50— Second  Opebation 


40  There  are  two  complete  and  independent  addii^  de' 
this  machine,  made  rifjht-handed  and  left-handed,  not  in  all  i 
identical.  Kig.  16  shows  the  ]>arts  for  sub-sections  A/24  am 
to  be  asseml)lod  left-handed,  and  tlie  jirogressive  stages  in  asse 

41  This  method  of  illustrating  the  different  sf  I'ps  in  the  assi 
and  the  use  of  charts  (Fis.  1 7)  to  siimplify  the  explanation  to  th 
men  is  found  very  useful.  It  lias  nut  eome  within  the  writer's 
encc  to  find  a  man  i-a)ml)le  of  earryiiig  this  mass  of  detail  in  I 


Fxo.  26    Sbction  B/50— Thibd  Operation 


Flo.  27    SwTTiON  B/60— ViB 
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•itiless  aided  by  the  best  memorandum  system  that  can  be  devised. 
^  such  methods  the  photographic  chart  system  is  the  most  compre- 
>^^ve  that  the  writer  has  so  far  considered. 
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42  After  the  sub-sections  are  assembled,  they  are  gathered  t 
gether  as  shown  in  Fig.  18,  and  this  forms  a  complete  working  lu 
known  as  a  section.  This  unit  is  interchangeable  on  different  machiD 
and  can  be  detached  by  the  removal  of  tix  screws.  The  other  indivi 
ual  sections  of  this  machine  are  aasonbled  in  the  same  general  wa 

43  Some  of  the  detfuls  of  the  production  of  the  individual  pieo 
and  the  assembling  of  these  pieces  are  shown.  The  testing  gage  fi 
the  pieces  A  51  and  51  A  is  shown  in  fig.  19.  This  is  a  compouD 
lever  testing  gage  which  magnifies  the  reacUng  100  times,  and  tl 
error  is  0.01  of  the  space  indicated  on  the  dial  by  the  pointer.   Otin 


Fia.  28    Sbctiom  B/60— Vikw  or  Riuht  Hamd  Sidb 

test  gages,  simple  and  compound,  are  shown  in  Fig.  20.  In  Fig.  21 
shown  an  assembling  drill  jig,  and  a  drill  jig  for  the  pieces  48  A.  In  Fi 
22  is  shown  a  milling  fixture  for  the  piece  A  48  and  48  A  and  a  typic 
gang  mill. 

AB8BUBLINO  TBI  COHFLBTBD  MACHINK 

44  The  assembling  of  a  completed  machine  starts  with  the  bat 
on  which  are  mounted  the  typewriter  key  levers,  as  shown  in  Fig,  2 
The  next  step  is  to  mount  the  two  ^de  frames  B  46  and  B  47  thereo 
after  which  the  parts  between  the  aide  frames  are  inserted,  and  co 
neoted  to  the  side  frames,  Fig,  24.  The  escapement,  known  as  t 
B/00  section,  is  next  mounted  on  the  side  frames,  the  typewriter  comu 
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tions  are  put  in,  and  the  machine  assumes  the  appearance  indicated  in 
Fig.  25.  The  next  step  in  assembling  is  the  insertion  of  the  R  sectioii 
or  parts,  consisting  of  the  racks,  the  reducer  arms,  and  the  governor, 
all  of  which  are  shown  in  Fig.  26.  The  next  two  sections  to  be  inserted 
are  the  F/70  section,  and  the  P/70  or  printing  section  of  the  adding 
machine.  There  remain  the  K  and  A  sections,  which  are  easily  and 
quickly  connected.  The  machine  then  assumes  the  appearance  shown 
in  Figs.  27  and  28,  and  is  ready  to  have  the  case  fitted  over  it  and  to 
have  the  carriage  mounted  upon  it. 

45  It  may  sound  rather  platitudinous  to  remark  that  the  mechan- 
ical and  commercial  possibility  of  the  manufacture  of  a  machine  of 
this  kind  resolves  itself  into  a  question  of  system;  not  so  much  a 
systen  in  the  putting  of  the  parts  together  as  the  system  required  in 
designing  the  machine  in  the  first  place  so  that  the  assembling  can 
be  properly  subdivided  and  each  section  tested  for  its  ultimate  fit* 
ness  in  the  complete  machine. 
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46  The  economical  manufacture  of  small  devices  in  large  quanti- 
ties is  chiefly  characterized  by  the  attention  which  must  be  given  to 
detfuls.  The  cost  of  material  is  in  general  proportionally  small,  and 
in  any  case  more  or  less  fixed  by  the  design;  but  the  labor  item  is 
Urge  and  requires  constant  and  careful  scrutiny.  Unlike  other 
lines  of  manufacture,  each  operation  is  repeated  over  and  over  again 
and,  thereforei  warrants  a  considerable  expenditure  of  time  and  money 
to  determine  exactly  the  best  manner  in  which  to  perform  it.  It  is 
desirable  to  know  just  how  economically  it  can  be  performed  even 
though  temporary  conditions  prevent  an  immediate  realization  of 
P^ble  results. 

47  This  leads  to  scientific  rate  setting,  and  the  advantages  of  such 
^  experimental  manufacturing  department  are  too  well  known  to 
^uire  comment.  It  means  automatic  machinery  for  many  opera- 
^0^)  but  not  for  all;  it  means  suitable  provision  for  stock  handling, 
"^^Pection,  supervision,  etc.  Each  of  these  subjects,  if  covered  com- 
pletely, would  require  an  individual  paper.  In  addition,  it  requires 
organization  to  provide  for  the  proper  correlation  of  these  various 
dements  and  to  insure  their  harmonious  operation. 

^  Many  plans  of  organization  along  the  same  general  lines  are 
P^ble.  The  general  lines  are  subject  to  variations  at  times,  but 
they  are  all  centered  around  the  same  principal  object,  the  labor  item. 
No  manager  will  ever  be  able  fully  to  realize  his  ideal  system,  and 
P^haps  the  chief  reason  will  be  found  in  the  limitations  of  his  assist- 
^^   An  organization  which  has  been  in  operation  for  any  length 
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of  time  will  have  developed  a  certain  number  of  individualities  which 
must  be  reckoned  with  in  any  contemplated  change.  It  would  be 
folly  to  dispense  with  a  man  of  proved  value  because  he  does  not 
happen  to  fit  exactly  in  an  ideal  plan  of  organization.  It  is  alwi^rs 
possible  to  modify  the  system  to  avoid  such  a  sacrifice  and  without 
any  material  departure  from  the  original  scheme. 

49  An  equivalent  system  can  be  devised  with  comparatively  little 
difficulty,  but  the  equivalent  of  a  tried  man  is  hard  to  find.  Of 
course  this  does  not  mean  that  a  weak  man  should  be  retained,  nor 
that  one  not  in  S3rmpathy  with  the  plan  of  organization  should  be 
permitted  to  take  part  in  its  administration.  Neither  does  it  mean 
that  any  effort  should  be  spared  to  find  and  employ  a  competent  man 
to  fill  an  important  part  in  the  general  scheme.  It  does  mean,  how- 
ever, that  a  man  whose  known  limitations  prevent  him  from  filling 
all  the  duties  of  a  certain  position  should  have  those  duties  so  modi- 
fied that  he  will  not  be  prevented  from  filling  those  for  which  he  has 
been  found  particularly  adapted;  and  that  one  who  has  shown  pa^ 
ticular  abiUty  in  handling  two  or  more  lines,  not  originally  intended 
to  be  combined,  may  still  exercise  this  talent  by  a  reasonable  modifi- 
cation of  the  system. 

50  The  organization  here  outlined  probably  differs  very  little  from 
similar  organizations  intended  to  cover  the  same  field. 

Manager 
a  Superintendent 

(1)  Production  clerk 

(2)  Stock   clerk 

(3)  Material  list  department 

(4)  Rfite  setting  department 

(5)  Automatic  tool  department 

(6)  Shop  accountants 

(7)  General  foreman 

(8)  Inspectors 

(9)  Tool  department 
b  Engineer 

(1)  Designer 

(2)  Draftsmen 

(3)  Model  room 
c  CJost  department 

51  The  strength  of  this  organization  lies  in  the  fact  that  each  fea- 
ture of  manufacture  is  under  control  of  a  man  particularly  qualified 
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to  handle  it  in  the  best  possible  manner,  and  that  his  responsibility 
is  definitely  fixed  and  limited  to  the  proper  performance  of  his  own 
part  of  the  work.  There  is  no  overlapping  of  responsibility  and  no 
possibility  of  mismiderstanding.  Any  failure  to  produce  a  part  is 
at  once  traced  to  the  responsible  party.  For  example,  if  a  leading 
hand  finds  that  he  is  not  receiving  his  parts  in  adequate  numbers  and 
is,  consequently,  handicapped,  he  at  once  reports  to  the  stock  clerk 
who  has  failed  in  his  duty.  The  stock  cleik  realizes  that  he  has  failed. 
The  mere  absence  of  parts  is  convincing  evidence  of  the  fact,  and  he 
must  correct  the  shortage  before  it  becomes  a  limiting  feature  or 
report  his  inability  to  do  so  to  the  superintendent. 

52  In  this  way,  the  superintendent  is  constantly  advised  of  mat- 
ters which  are  liable  to  interfere  with  his  business,  and  is  able  to  apply 
corrective  measures  before  the  situation  is  serious. 

53  When  everything  is  moving  properly,  if  such  a  condition  should 
ever  exist,  the  work  of  the  various  departments  becomes  routine,  but 
Ue  moment  any  trouble  appears  in  the  distance,  an  alarm  is  sounded. 
If  trivial  in  character,  it  is  corrected  without  any  great  disturbance, 
but  if  important,  it  comes  at  once  to  the  highest  authority  and  the 
whole  strength  of  the  organization  is  applied  promptly  to  correct  it. 

54  The  functions  of  the  different  departments  are,  in  general, 
sufficiently  described  by  their  names.  It  may  be  necessary  to  add 
^hat  all  material  is  ordered  by  the  material  list  department,  but  the 
following  of  the  stock  into  and  through  the  shop  rests  with  the  stock 
^^fks,  and  that  while  the  inspectors  come  under  the  superintendent, 
toe  limits  of  inspection  are  set  by  the  engineers. 

5^    The  workman  is  the  principal  subject  of  study  and  every  effort 

°^ust  be  made  to  shorten  the  time  and  lessen  the  effort  required  to 

Perform  the  operation  on  which  he  is  engaged.     It  may  mean  auto- 

uiatic  tools,  increased  facilities,  improved  methods,  or  the  splitting  of 

^^^  operation  so  that  a  portion  of  it  may  be  done  by  a  less  skilled  opera- 

^^>  ^ho  is  competent  to  do  this  ^portion  in  a  satisfactory  marmer. 

^    Always  inspection  is  involved  in  order  that  no  time  may  be 

spent  OQ  a  piece  which  is  already  defective  and  will  ultimately  be 

ejected  or  require  special  fitting,  which  is  necessarily  expensive.    The 

proper  time  to  reject  a  piece  or  to  correct  it  is  immediately  after  the 

lalse  operation  has  been  completed. 

^'  In  order  that  a  workman  may  perform  a  maximum  of  work  with 
*  Qiinimum  of  effort,  it  is  necessary  that  the  piece  shall  come  to  him 
ui  ample  quantity  and  at  a  constant  rate;  that  previous  operations 
8ball  have  been  properly  performed,  and  that  the  piece  shall  be 
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promptly  inspected  and  removed.  His  whole  thought  and  effort 
should  be  given  to  performing  his  own  operation  satisfactorily.  One 
portion  of  this  desired  result  may  be  obtained  by  a  large  stock  of 
parts,  but  this  means  imnecessarily  large  inventory,  and  should  be 
rejected.  It  is  just  as  necessary  that  parts  should  not  wait  for  the 
workman  as  it  is  that  the  workman  should  not  wait  for  parts. 

58  R^ular  and  frequent  meetings  are  held  by  the  superintendent 
and  his  assistants,  so  that  each  may  be  familiar  in  a  general  way  inib 
conditions  as  a  whole,  but  such  meetings  are  not  to  be  construed  as 
lessening  the  responsibility  of  the  different  departments.  These 
meetings  require  but  little  time  if  everything  is  going  smoothly,  and 
justify  the  time  taken  if  there  is  any  prospect  of  trouble. 

59  Similar  meetings  are  held  weekly  by  the  manager,  engineer  and 
superintendent,  and  are  more  or  less  generally  attended  by  principal 
assistants.  Changes  of  design  or  method  are  freely  discussed  at  these 
meetings,  and  they  serve  as  a  clearing  house  for  all  matters  of  inter- 
est which  have  come  up  during  the  week  and  which  are  not  of  suf- 
ficient importance  to  require  instant  attention. 

60  Changes  of  design,  unless  to  correct  defects  in  the  apparatus 
are  docketed  and  not  acted  on  singly  as  they  arise.  Low  costs  can- 
not be  obtained  where  the  design  is  continually  changing,  and  minor 
changes  should  be  held  for  an  apparatus  meeting.  Such  meetings  are 
held  at  regular  intervals  of  from  three  to  six  months.  When  a  line 
of  apparatus  has  but  recently  been  placed  in  the  shop,  the  interval 
is  shorter  than  when  it  has  become  more  firmly  established  and  original 
troubles  eradicated. 

61  Apparatus  meetings  are  attended  by  the  manager,  engineer, 
cost  department  and  superintendent,  with  their  assistants  who  have 
the  actual  handling  of  the  apparatus.  The  device  is  placed  on  the 
table  and  gradually  dissected,  each  part  being  fully  discussed  as  it 
is  taken  off,  and  the  presence  of  the  leading  hand  is  considered  essen- 
tial during  the  discussion  of  the  particular  part  or  operation  with  which 
he  is  concerned.  The  leading  hand,  or  gang  boss,  comes  under  the 
general  foreman.  He  has  direct  charge  of  a  rather  small  number  of 
operators,  and  often  a  portion  of  his  time  is  given  to  productive  labor. 
More  than  anyone  else  he  appreciates  inconveniences  and  difficulties 
which  arise  in  producing  his  particular  part,  and  any  organization 
which  fails  to  profit  by  such  knowledge  is  fundamentally  defective. 
Introduction  of  automatic  tools,  change  of  methods  or  of  design,  and 
quality  of  product  are  thoroughly  gone  into  and  after  this  meeting  all 
changes  decided  upon  are  authorized  at  one  time  after  which  none 
are  made  until  the  next  change  period. 
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Hugo  Diemeb  said  that  while  on  a  visit  to  the  plant  of  the  West- 
em  Electric  Company  several  years  ago,  he  was  shown  an  interesting 
feature  of  their  system  of  assembling.  In  connection  with  the  sched- 
uling of  stock  orders,  each  foreman  estimated  the  time  of  completion, 
and  after  the  work  was  done  he  was  given  a  percentage  rating  each 
month  based  on  the  accuracy  with  which  he  predetermined  the  time 
of  completion.  Certain  foremen  with  a  percentage  of  40  at  the  begin- 
ning of  this  practice  were  able  to  reach  a  standard  of  nearly  90  per 
cent.  He  wished  to  ask  Mr.  Puchta,  as  a  representative  of  the  com- 
pany, whether  this  was  merely  a  temporary  effort,  or  if  it  had  been 
continued,  and  whether  an  inducement  was  offered  to  these  foremen 
to  acquire  greater  efficiency. 

Edward  Puchta  replied  that  the  plan  of  making  a  promise  for 
the  completion  of  each  special  order  was  still  in  effect,  but  the  regular 
shop  schedules  were  placed  monthly,  and  it  was  expected  that  they 
be  completed  in  the  standard  time.  A  record  is  kept  of  the  estimates 
on  special  orders,  and  at  the  end  of  the  month  a  statement  is  prepared 
showing  how  many  of  these  promises  each  foreman  has  kept.  No 
especial  inducement  is  offered,  except  that  the  placing  of  one  fore- 
roan's  record  against  another's  brings  about  competition. 

C.  W.  RipscH  agreed  with  the  methods  fftated  in  the  papers  for  the 
division  and  outline  of  the  work  for  the  proper  assembling  of  such 
machines  and  discussed  the  proper  methods  of  fastening  punchings  of 
rolled  steel  made  on  the  screw  machine  and  the  fastening  of  this 
combination  to  a  shaft.  The  present  method  of  ring  staking  and 
pinning  the  punchings  to  hubs  is  quite  often  a  failure  in  parts  which 
receive  much  pound,  as  the  pieces  loosen  after  continued  operation. 
Furthermore,  the  cost  of  ring  staking,  drilling,  pinning  and  lapping 
off  the  resulting  surface  is  great  whether  done  in  the  punching  and 
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hub  separately  or  in  a  locating  fixture.  To  remedy  this  difficulty  he 
had  experimented  with  the  method  of  electrically  spot-welding  such 
parts,  which  serves  to  fasten  the  pieces  quite  securely.  A  chisel  is 
required  to  chip  apart  the  weld.  The  condition  of  the  metal  is  the 
same  except  for  the  slight  blueing  and  ridge  thrown  up  around  the 
welded  point  which  can  easily  be  lapped  off.  The  main  difficulty 
is  to  secure  a  point  small  enough  to  withstand  the  heat  for  the  smalls 
pieces. 

The  next  operation,  fastening  this  assembled  piece  to  the  Bhsii, 
is  usually  done  by  a  dowel  pin  located  either  centrally  or  to  one  side, 
or  by  two  pins,  one  on  each  side.  Owing  to  the  running  of  the  drill 
and  spring  due  to  driving  dowels,  the  pieces  will  not  be  interchange- 
able and  will  in  some  cases  require  broaching  or  filing.  Mr.  Bipsch 
stated  that  he  had  failed  to  find  a  satisfactory  method  for  this  opera* 
tion  which  would  permit  the  elimination  of  the  file  from  the  assem- 
bler's set  of  tools,  as  advocated  by  Mr.  Calder  in  Par.  17. 

A.  C.  Jackson  believed  that  it  would  be  very  helpful  if  Mr. 
Calder  would  supplement  his  paper  by  giving  data  regarding  the 
percentage  allowances  on  different  classes  of  work  between  what  is 
considered  maximum  by  the  rate-setter  and  the  output  of  the 
average  day  worker. 

CiiAs.  W.  Johnson  asked  about  the  methods  used  by  Mr.  Calder 
in  paying  the  demoiistrtitors  who  did  the  preliminary  work  in  the 
rate-setting  department  before  turning  the  work  over  to  the  manu- 
facturing department.  He  \vi«hed  to  know  how  their  earnings  com- 
pared with  those  of  regular  workers,  and  whether  they  really  worked 
at  their  maximum  capacity. 

N.  W.  Perkins,  Jr.,^  representing  Mr.  Ellis,  stated  that  they  had 
found  no  better  way  of  doing  this  work  than  the  methods  men- 
tioned by  Mr.  Ripsch. 

W.  J.  Kaup  asked  whether  it  was  not  true  that  the  best  men  wtfe 
chosen  as  rate-setters  and  if  there  should  not  be  some  discount  made 
foi"  the  average  workniiui. 

E.  PuciiTA  (written).  Mr.  Caldcr's  paper  is  one  of  exceptioiial 
inl^-rest,  especially  to  those  engaged  in  the  manufacture  of  apparatus 

^ICngr.,  Ellis  Atlding-Typewriter  Co.,  Newark,  N.  J. 
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composed  of  small  interchangeable  parts,  where  the  assembling  is  a 
considerable  item  of  the  total  cost.  This,  of  course,  would  vary 
directly  with  the  simplicity  of  the  design  and  the  requirements  placed 
upon  the  apparatus  to  insure  its  satisfactory  operation. 

About  twelve  years  ago  the  Western  Electric  CJompany,  which 
manufactures  a  large  number  of  types  of  telephone  apparatus  com- 
prising some  75,000  separate  parts,  started  to  analyze  manufacturing 
problems  along  the  lines  advanced  in  this  paper.  The  first  step  was 
to  produce  interchangeable  parts,  which  involved  a  very  careful  study 
of  design,  as  well  as  of  manufacturing  methods.  Later,  attention  was 
directed  to  the  assembly  of  apparatus,  and  studies  were  made  to  deter- 
mine the  most  efficient  divisions  of  labor  in  assembly  and  to  develop 
tools  and  fixtures  which  would  enable  the  operations  to  be  performed 
with  the  greatest  facility.  Since  that  time  the  work  has  been  highly 
developed  and  all  the  elements  involved  in  introducing  new  designs 
are  thoroughly  analyzed  and  standardized  before  work  is  started 
commercially.  The  adoption  of  these  methods  brought  up  many 
interesting  organization  problems  ultimately  resulting  in  radical 
changes  in  the  organization  and  some  changes  in  personnel. 

It  is  of  interest  to  note  that  the  organization  developed  in  our  shops 
is  very  similar  to  that  shown  in  Mr.  Calder's  paper.  There  are, 
however,  a  few  points  which  we  have  worked  out  differently  in  our 
study  of  the  problem.  For  instance,  the  supplying  of  raw  material  is 
entirely  under  the  control  of  the  purchasing  department.  Inasmuch 
as  the  interchangeability  of  parts  is  directly  dependent  upon  the  qual- 
ity of  the  raw  material,  the  organization  should  be  so  laid  out  that  the 
shop  can  control  the  quality  of  the  raw  material  by  furnishing  speci- 
fications and  by  inspecting  the  product  when  it  is  received,  to  make 
sure  that  all  manufacturing  requirements  are  fulfilled. 

No  provision  is  made  in  the  organization  shown  for  raw  material 
inspection  nor  for  the  inspection  of  tools,  which  we  have  found  is 
also  of  great  consequence.  Both  tool  inspection  and  raw  material 
inspection  should  be  closely  associated  with  the  inspection  of  parts,  so 
that  the  inspectors  in  these  divisions  may  be  kept  well  informed  in 
regard  to  shop  conditions.  These  two  departments,  as  well  as  the 
departments  inspecting  parts  and  finished  apparatus,  should  come 
under  a  common  head,  who,  in  turn,  should  report  to  the  superinten- 
dent. 

The  chart  provides  that  the  tool  designing  department  and  the  test- 
ing rates  and  methods  department  report  to  the  head  of  one  of  the 
branches  of  the  manufacturing  department.    Inasmuch  as  these 
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departments  supervise  the  work  in  their  respective  lines  in  both 
branches  of  the  manufacturing  organization,  it  would  appear  that  they 
should  report  directly  to  the  man  to  whom  these  two  branches  report 

With  an  efficient  organization  for  conducting  the  work  there  is  but 
little  doubt  that  the  fulfilment  of  the  ten  conditions  outlined  in  the 
paper  will  place  the  manufacture  of  apparatus  on  a  highly  efficient 
basis. 

In  our  shops  we  consider  the  design  of  a  part  with  reference  to  its 
economical  manufacture  as  well  as  quick  assembly,  referred  to  in 
condition  d,  of  such  great  importance  that  we  have  adopted  the  prac- 
tice of  analyzing  completely  and  discussing  each  design  with  the  heads 
of  all  departments  interested.  The  design  is  then  modifiedi  if  neces- 
sary, and  the  particular  features  which  have  been  found  to  be  objec- 
tionable, from  a  manufacturing  standpoint,  eliminated.  After  the 
designs  are  finally  determined  upon  and  working  drawings  completed, 
each  part  and  each  stage  of  assembly  are  carefuUy  analysed  by  the 
tool  designing  and  methods  department.  After  the  various  methods 
are  balanced  against  each  other,  the  most  efficient  are  chosen  and 
the  general  design  of  the  tools  which  will  enable  the  operations  to  be 
performed  with  the  greatest  facility  is  decided  upon.  Upon  the  com- 
pletion of  the  tools,  and  after  they  have  been  inspected  and  approved 
for  quality  of  work,  they  are  carefully  studied  to  make  sure  that  they 
will  permit  of  the  operation  being  performed  with  the  greatest  dis* 
patch.  If  satisfactory  in  this  respect  a  complete  time  study  is  made 
and  the  operators  are  informed  of  the  exact  method  to  be  followed  in 
performing  each  step  of  the  work. 

The  principal  difference  between  our  method  and  that  proposed 
by  Mr.  Calder  is  that  our  department  which  corresponds  to  to 
testing  rates  and  methods  department  does  not  actually  run  the  job 
in  the  shop  to  determine  upon  time  allowances.  Our  practice  is  to 
have  the  tools  turned  over  to  the  operators  who  are  to  use  them  com- 
mercially, and  after  they  have  been  instructed  and  have  become 
familiar  with  them,  the  testing  rates  and  methods  department  makes 
a  careful  time  study  of  the  job.  At  this  stage  the  final  time  allow- 
ances or  piece-work  rates  are  decided  upon,  after  having  carefuDy 
compared  the  rates  observed  with  those  previously  estimated  and 
with  established  rates  for  similar  operations. 

In  Tables  2  to  5  showing  the  assembly  work,  operations  seem  to  be 
included  which  do  not  properly  belong  in  such  a  department.  Fw 
example.  Stage  No.  1  in  Table  2  calls  for  a  reaming  operation  ont 
unit  part,  which  apparently  could  be  better  done  in '  some  manu- 
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facturing  department,  since  it  is  not  in  reality  a  part  of  the  assembly 
work.  A  number  of  similar  instances  occur  in  these  tables,  including 
tapping,  reaming  and  bending  operations. 

The  point  made  in  Par.  17  that  files  should  not  be  used  in  assembly, 
is  a  very  good  one,  since  in  prohibiting  the  use  of  them  the  quality 
of  workmanship  on  the  parts  has  been  greatly  improved. 

CLOSURES* 

John  Calder.  Referring  to  Mr.  Puchta's  remarks,  which  touch 
in  part  details  somewhat  outside  the  scope  of  the  paper,  the  purchas- 
ing, storing  and  issuing  of  raw  material  are  entirely  under  the  control 
of  the  purchasing  department  in  the  organization  illustrated,  but  the 
specifications  and  quality  are  not. 

The  chart  has  been  necessarily  curtailed  in  the  paper  and  illustrates 
especially  the  general  relation  of  other  departments  to  parts  assembly. 
In  particular,  the  general  and  departmental  inspection  system,  under 
the  chief  inspector  and  his  staff,  and  the  reporting  to  the  superinten- 
dent and  the  tool  engineer  on  the  condition  of  parts  and  of  tools 
respectively,  is  not  exhibited. 

The  difference  between  the  system  described  and  that  mentioned 
by  Mr.  Puchta,  where  the  rate  and  method  department  does  not 
actually  run  the  job  in  the  shop,  or  in  its  own  section  of  the  shop,  is 
a  vital  one.  It  is,  of  course,  the  author's  practice  to  watch  for  com- 
parison the  performance  of  ordinary  piece-work  operatives,  but  it  is 
the  very  essence  of  the  system  described  to  have  at  all  times  an  inde- 
pendent set  of  facts  and  figures  obtained  by  a  reliable  staff.  This 
practically  eliminates  the  delays  and  the  tedious  process  of  guessing 
involved  in  turning  over  untested  equipment  to  see  what  the  shop 
will  do  with  it. 

Even  the  best  of  shops  will  make  much  greater  progress  in  capacity 
and  arrive  quickly  at  more  economical  production  if  it  does  not  start 
to  manufacture  a  new  piece  in  the  dark,  with  only  tradition  and  cus- 
tom for  guides.  The  best  results  actually  demonstrated  by  experts 
who  are  far  more  critical  and  resourceful  than  the  average  employee, 
should  be  used  from  the  beginning. 

Mr.  Puchta's  definition  of  assembly,  embracing  only  work  wholly 
performed  by  manual  operations,  is  rather  a  narrow  one.  Power 
aids  to  the  assembler  have  long  been  used  by  the  author.    The  com- 

<  Mr.  Ellia  did  not  desire  to  present  a  cloture. — Editor. 
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pounding  of  unit  pieces,  as  distinct  from  the  subsequent  process  of 
assembling  machines  described  by  Mr.  Ellis  in  his  paper,  should  not 
be  restricted  purely  to  hand  work. 

Many  slight  reaming,  tappmg  and  final  setting  operations  can  be 
performed  properly  to  gage  only  when  the  finished  and  related  unit 
pieces  are  in  contact.  The  latter  are  often  finished  in  a  different 
manufacturing  department  from  that  in  which  they  ori^nated  and 
the  provision  of  some  light  machine  tools  in  the  parts  assembly  room 
is  not  only  a  desirable,  but  very  economical  proceeding.  Other 
handling  and  transmission  delays  are  thus  eliminated  and  the  respon- 
sibility for  the  assembled  parts  placed  solely  on  the  foreman  and 
inspector  of  that  department. 

Referring  to  the  request  of  Mr.  Jackson  for  further  details  of  the 
time  and  study  system,  the  main  effort  is  directed  towards  finding  a 
sure  basis  on  which  to  determine  correct  methods  and  fair  piece  rates 
for  various  classes  of  task  and  ability.  Each  class  is  rated  on  a  per- 
centage allowance  of  the  study  time,  based  on  experience  but  usually 
10  per  cent  less  than  the  maximum  performance.  Thus  all  can  make 
a  fair  wage  and  the  exceptional  men  get  all  their  surplus.  The  latter, 
however,  does  not  compare  with  the  variations  under  premium  sys- 
tems. 

In  the  case  of  fast  assembly  on  very  light  work  by  male  demon- 
strators it  is  sometimes  necessary  in  rating  to  raise  instead  of  lower 
the  standard  performance,  as  in  the  case  of  the  greater  dexterity  of 
females  in  work  of  a  light  fingering  character  involving  no  mechanical 
skill. 

Answering  the  question  of  Mr.  Kaup,  it  is  not  easy  to  get  men  to 
fulfil  the  functions  required  from  a  time  and  method  study  depart- 
ment. In  fact,  there  is  nothing  easy  about  the  task  of  management, 
but  the  author  believes  that  the  outside  expert  is  not  always  the 
inevitable  or  the  best  solution  of  the  matter.  Most  plants  already 
contain  enough  men  suitable  for  this  work  if  trouble  is  taken  to  locate 
and  develop  them.  Such  men  when  organized  for  study  work  are 
paid  a  high  daily  rate,  without  reference  to  what  task  they  may  be 
engaged  upon  and  are  really  retained  for  their  potentialities.  It  is 
possible  to  determine  from  the  records  beyond  any  doubt  whether 
the  demonstrators  are  giving  efficient  and  consistent  service. 

The  effect  of  such  time  and  method  study  work  and  advance  critr 
icism  is  that,  if^'^body  of ''operatives  be  given  an  entirely  new  jobi 
they'^know  the"management  is  well  aware  of  what  can  be  done  and 
that  the  employer  has  carried  independent  criticism  of  his  own  {dans 
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as  far  as  practicable.  If  there  is  any  doubt  in  their  minds  as  to 
whether  the  rated  performance  can  be  accomplished,  a  demonstra- 
tion is  at  once  offered  and  the  matter  settled.  This  method  is  abso- 
lutely fair  to  all  concerned  and  under  these  conditions  the  test  is 
seldom  demanded. 

Confidence  in  the  work  of  the  demonstrators  is  based  on  the  integ- 
rity and  reliability  of  the  men  selected  and  on  the  ability  of  their 
supervisor  to  see  that  the  work  done  on  test  is  of  the  prescribed  qual- 
ity and  a  full  measure  of  their  powers. 

The  author  desires  to  express  his  agreement  with  Mr.  Cox  in  plac- 
ing as  much  stress  upon  the  development,  full  use  and  recognition  of 
able  assistants  as  upon  the  system  which  is  employed,  for  the  human 
dement  is  half  the  problem.    At  the  present  time  there  is  a  tendency 
towards  too  great  rigidity  in  some  of  the  shop  systems  offered  for 
general  application.    It  is  not  a  recommendation  for  any  system, 
but  rather  the  reverse,  that  absolute  conformity  to  type  in  details 
without  r^^ard  to  the  problem  in  hand  and  the  great  amount  of  expe- 
rience akeady  acquired  from  it  are  insisted  upon.    The  best  shop 
management  is  that  which  will  draw  out  and  adequately  reward  the 
best  effort  of  everyone  concerned,  not  forgetting  the  employer,  and 
the  best  systems  for  so  doing  will  never  be  alike  in  any  two  cases 
though  the  principles  may  be  identical. 

f .  P.  Ck>z  in  reply  to  a  question,  said  that  in  the  conferences 
n^entioned  in  his  paper  it  was  possible  to  get  honest  opinions  from 
leading  hands  quite  as  well  as  in  personal  conversation.  The  lead- 
ing hand  is  solely  responsible  for  his  own  operations  and  will  frankly 
^liscuss  them,  although  as  a  rule  he  is  more  reticent  about  operations 
other  than  his  own. 
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The  amount  of  metal  which  a  machine  tool  can  remove  in  a  given 

time  is  limited  by  the  strains  caused  by  the  cut.    Great  hardness  of 

the  material  to  be  cut,  or  a  dull  tool,  will  severely  strain  the  machine 

and  80  reduce  the  section  of  the  chip,  even  if  the  machine  is  rigidly 

constructed  and  well  supplied  with  driving  power.    It  is  therefore  of 

the  greatest  importance  to  analyze  carefully  all  the  conditions  which 

cause  heavy  strains  so  that  they  may  be  obviated  or  reduced  to  the 

lowest  possible  limit. 

2    This  limitation  of  the  cutting  capacity  occurs  in  all  metal  cut- 
ting machines,  although  to  a  varying  extent.    While  it  is  possible 
to  increase  the  driving  power  of  most  machines  ad  libitum,  and  almost 
any  amount  of  metal  can  be  put  into  machine  elements  to  give  them 
rigidity,  there  are  certain  classes  of  machines  where  practical  consider- 
ations limit  such  increase  of  power  and  strength.    This  is  especially 
true  in  machines  where  the  main  elements  have  to  be  adjusted  and 
handled  with  great  frequency.    The  knee-and-column  type  of  milling 
machine  owes  its  success,  to  a  large  extent,  to  the  ease  and  rapidity 
with  -which  it  can  be  manipulated  and  it  is  doubtful  if  it  will  ever  be 
possible  to  increase  the  dimensions  of  the  parts  much  beyond  the  pres- 
ent si^es,  without  losing  the  benefits  of  the  peculiar  construction  of 
this  type  of  machine.    In  order  to  increase  the  capacity  of  this  type 
erf  milling  machine,  it  becomes  necessary  to  reduce  the  strains  set 
up  by  the  cut  and  there  are  only  two  elements  which  can  be  modified 
to  accomplish  this  result.    These  are  the  hardness  of  the  metal  to  be 
cut  and  the  cutting  quahties  of  the  milling  cutter.     As  it  is  impos- 
sible to  control  the  first  of  these,  the  .only  avenue  left  for  improve- 
ment leads  in  the  direction  of  the  milling  cutter. 
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3  Experiments  carried  on  at  the  works  of  the  Cinciimati  Millmg 
Machine  Company  and  extending  over  several  years,  starting  with 
some  isolated  and  ahnost  desultory  trials,  and  gradually  becoming 
a  series  of  carefully  planned  experiments,  have  led  to  results  which 
are  believed  to  be  of  general  interest.  These  tests  embraced  spiral 
mills,  end  nills,  both  of  the  shell  end-mill  t3rpe  and  the  spiral  tape^ 
shank  type,  side  mills,  slitting  saws,  face  mills,  and  a  new  tjrpe  of 
mill  which,  for  lack  of  a  better  name,  is  called  here  a  helical  mill. 

4  The  action  of  the  ordinary  milling  cutter  is  not  a  true  cutting 
action,  as  it  is  commonly  understood.  By  a  true  cutting  action  is 
meant,  the  driving  of  a  wedge-shaped  tool  between  the  work  and  the 
chip  and  although  this  definition  is  not  based  on  a  generally  accepted 
meaning  of  the  term,  it  is  believed  that  it  expresses  fairly  well  what 
most  mechanics  understand  by  cutting.  Practically  all  milling  cut- 
ters have  their  teeth  radial  and  this,  of  course,  excludes  the  possibility 
of  driving  a  wedge  between  chip  and  work.  The  tooth  compresses 
the  metal  until  it  produces  a  strain  great  enough  to  cause  a  plane  of 
cleavage  at  some  angle  with  the  direction  of  the  cutter.  It  then  be- 
gins to  compress  a  new  piece,  push  it  off,  and  so  on.  This  at  least 
seems  to  be  the  action  of  the  cutter,  judging  by  the  form  of  the  chips. 
These  chips  are  in  the  form  of  needles  or  small  bars. 

5  The  chip  taken  by  a  milling  cutter  varies  very  materially  from 
that  taken  by  a  lathe  or  planer  tool.  These  latter  tools  make  chipe 
of  uniform  section,  whereas  the  section  of  a  milling  chip  increases 
from  zero  to  a  maximum. 

6  Fig.  1  shows  a  milling  chip  as  it  would  appear,  if  no  compreauon 
or  distortion  took  place.  The  proportions  are  very  much  exaggerated, 
so  as  to  bring  its  typical  shape  clearer  into  view.  The  width ^B  at 
the  top  is  equal  to  the  feed  per  tooth.  The  height  BC  is  the  depth 
of  cut.  The  length  BD  is  the  width  of  cut.  The  section  MNOP, 
shown  half  way  on  the  chip,  is  a  normal  section  and  a  measure  of  the 
amount  of  work  which  was  done  at  the  time  the  cutter  passed  the 
point  Af . 

7  Fig.  2  shows  the  action  of  a  milling  cutter,  with  center  O,  when 
the  cutter  is  rotating  and  the  work  is  feeding  at  the  same  time.  The 
tooth  AB  sweeps  through  the  path  BC.  When  the  point  £  has  reached 
the  position  Bi  a  new  tooth  starts  cutting.  By  this  time  O  has  ad- 
vanced to  position  Oj,  and  the  new  tooth  At  Bt  is  not  yet  in  avertical 
position,  when  the  point  Bt  touches  the  work.  When  the  cutter 
revolves,  this  point  ^2  must  penetrate  into  the  work  and  compress  the 
metal  of  the  work.    The  result  will  be  spring  in  the  arbor.     When  thii 
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ifmg  has  assumed  certain  proportions,  the  blade  or  tooth  begins  to 
ranove  a  chip.  This  may  be  assumed  to  take  place  in  the  position 
Btf  the  tooth  simply  gliding  over  the  work  from  Bt  to  J?s.  This  action 
must  necessarily  be  very  harmful  to  the  cutter,  and,  it  was  believed 
that  this,  perhaps  more  than  any  other  action  of  the  cutter,  caused 
its  dulling.  It  would  be  especially  severe  with  light  cuts,  as  a  rela- 
tively small  amount  of  spring  would  allow  the  point  Bt  to  travel  through 
a  large  arc.  It  would  be  quite  possible  that  a  tooth  should  fail  en- 
tirely to  take  a  chip,  and  that  the  succeeding  tooth  would  take  a  chip 
of  double  the  amount. 


^. ^ 


Fig.  1  Fia.  2 

Flo.  1  Metal  Chip  Assumed  to  be  Produced  by  Milling  Cutter  with- 
^TO  Distortion 

Fio.  2  Diagram  to  Illustrate  Action  of  Milling  Cutter 

S  This  peculiar  action  of  the  milling  cutter  is  inherent  in  its  con- 
'^ction  and  cannot  be  avoided.  The  question  then  is  how  to 
^^^uumize  these  harmful  results. 

8  Another  feature,  which  limits  the  ability  of  a  milling  cutter  to 
remove  metal,  is  the  proportion  between  the  chip  to  be  removed  and 
^he  amount  of  space  between  two  adjoining  teeth.  Such  a  limitation 
^  not  exist  with  lathe  or  planer  tools,  where  the  chips  have  unlim- 
ited space  in  which  to  flow  ofif . 

10  That  this  proportion  between  chip  and  chip  space  actually 
does  form  a  luniting  condition  is  well  known  and  was  brought  most 
forcibly  to  the  writer's  attention  when  a  large  and  powerful  machine 
^ed,  taking  a  cut  in  cast  iron  about  1^  in.  wide,  ^  in.  deep  and 
^^  in.  feed  per  mmute.  Several  times  this  amount  of  metal  can  be 
^ly  removed  by  the  same  machine,  without  sign  of  stress;  yet  the 
Mchine  was  incapable  of  removing  more  than  3  cu.  in.  of  cast  iron 
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per  minute  with  this  cut.  Investigation  showed  that  the  amount  of 
cast  iron  removed  per  tooth  was  sufficient  to  fill  the  chip 
space  completely,  and  from  that  moment  the  action  was  like  try- 
ing to  push  a  solid  bar  of  steel  through  a  piece  of  cast  iron.  Another 
cutter,  with  more  chip  space,  removed  the  same  amount  of  metal 
with  only  a  fraction  of  the  power  of  the  machine. 

11  Similar  instances  occurred  with  gangs  which  had  been  in  use  a 
long  time,  and  which  had  been  ground  down  to  such  an  extent  that  the 
chip  space  was  materially  reduced.  This,  combined  with  the  fact 
that  more  highly  developed  milling  machines  led  the  shop  to  coarser 
feeds,  showed  that  the  ability  of  the  machine  to  remove  metal  was  not 
only  governed  by  its  power,  but  to  an  equal  extent  by  the  peculiaritieB 
of  the  milling  cutter. 


Fig.  3    Form  of  Spiral  Milling  Cutters  now  used  by  the  CincinkaH 

Milling  Machine  Company 


12  The  foregoing  considerations  led  to  a  gradual  evolution  of 
spiral  milling  cutters.  At  first,  the  number  of  teeth  of  spiral  milb 
was  only  slightly  diminished,  as  it  was  thought  that  some  element 
which  was  not  considered  might  affect  the  result.  Gradually  the 
spacing  was  increased  and  the  cutters,  as  now  used,  have  taken  the 
forms  shown  in  Figs.  3  and  4. 

13  Two  standard  sizes  are  uscd^  although  other  siaes  are  required 
for  special  cutters  and  special  gangs.  The  standard  diameters  are 
3^  in.  and  4^  in.  The  3^-in.  diameter  cutters  are  made  with  nint^ 
and  the  4i-in.  diameter  cutters  with  ten  teeth,  which  corresponds  to 
a  spacing  of  about  1^  in.    The  point  of  the  tooth  has  a  land  of  Vi  ^t 
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id  the  back  of  the  tooih  forms  an  ai^e  of  45  d^.  with  the  radial 
le.  The  chip  space  is  approximately  four  Umea  as  great  as  in  the 
ml  Btandard  cutter  of  the  present  time  and  is  formed  witii  a  ^in. 
Ihit  at  the  bottom. 

14  Though  not  directly  connected  with  the  foregoing,  attention 
luld  be  called  to  the  fact  that  present  practice  calls  for  arbors  which 
i  too  small.  In  the  cutters  shown  here,  the  3f-in.  cutter  is  made 
it  IHn.  and  If-in.  arhor,  and  the  44-in.  cutter  with  Ij-in.  and  2- 
ttbor. 


Fto.  4    CouPARiBON  or  Old  and  Mew  Sttlb  Spiral  Milu 

IS  It  is  of teo  very  difficult  to  remove  cutters  from  an  arbor  after 
T  hare  done  heavy  work.  It  is  frequently  necessary  in  such  cases 
pifaa  the  arbor  out  of  the  cutters.  This  sticking  of  the  cutter  is 
ised  by  the  burring  up  of  the  key,  and  often  the  keyway  in  the 
w.  For  ttiis  reason,  keys  arc  used  for  gangs  of  cutters  as  shown 
^.  5.  A  fiat  is  milled  on  the  arbor,  and  the  keyway  nulled 
tnl  with  this  flat.  The  flat  portion  of  the  key  presses  against  the 
part  of  the  arbor,  and  this  effectively  prevents  burring.  Cutters 
ch  are  held  on  the  arbor  with  such  a  key  can  always  be  very 
lily  removed,  even  after  prolonged  and  hard  work.  The  keys  are 
e  out  of  a  piece  of  round  stock,  groovcH  at  both  sides  and  then 
4  xftaxt. 
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16  Very  satisfactory  results  were  obtained  with  these  eutters. 
Figs.  6,  7  and  8  show  the  results  of  tests  made  with  cutters  with 
I  in.,  f  in.  and  1|  in.  spacing.  Cuts  were  taken  on  east-iron  test 
blocks  as  shown  in  Fig.  9.  The  cross-sectioned  part  of  the  test  block 
was  milled  out.  A  series  of  tests  was  made  on  the  left-hand  half  of 
the  block  with  one  kind  of  cutter  and  on  the  right-hand  half  with  an- 
other cutter.  It  will  be  noticed  that  the  same  amount  of  power  is 
required  to  take  a  cut  i  in.  deep  and  with  10.4  feed  with  a  cutter  of 
I  in.  pitch;  and  a  cut  \  in.  deep  and  with  13.5  feed  but  with  a  cutter 
of  1|  in.  pitch. 

17  It  was  not  safe  to  assume  that  all  test  blocks  would  be  of  the 
same  hardness.    In  order  to  correct  whatever  error  there  might  be 
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on  account  of  unequal  hardness  of  the  test  blocks,  hardness  tests  were 
made  of  the  different  blocks.  These  consisted  in  taking  a  cut  A  ^ 
deep  and  with  various  feeds  on  each  one  of  the  blocks,  and  finally  i 
check  test  on  the  first  block,  to  make  sure  that  the  cutter  had  not 
appreciably  dulled. 

18  It  will  be  seen  from  these  diagrams  that  there  is  a  large  u^ 
crease  in  the  amount  of  metal  which  can  be  removed  with  the  same 
amount  of  horsepower,  by  using  these  widenspaced  cutters;  and  thiti 
therefore,  the  scope  of  the  knee-and-column  tjrpe  of  TTiilHng  macfabtf 
has  been  enlarged  without  increasing  sizes  or  weight  of  parts  and  tluv 
decreasing  the  handiness  of  the  machines. 

19  Though  increased  capacity  for  removing  metal  is  one  of  tin 
main  advantages  of  this  form  of  cutter,  there  are  others  of  ooDlidfl^ 
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able  importance.  It  was  found  that  for  roughing  on  the  (»(Un« 
work  in  the  shop  a  cutter  with  the  wider-spaced  teeth  would  rema 
sharp  for  a  longer  period,  notwithstanding  that  feeds  had  been  i 
creased.  The  system  of  the  Cincinnati  Milling  Machine  Compai 
requires  all  gangs  and  cutters  to  be  re-aharpened  after  a  lot  of  piece 
has  been  milled.  It  used  to  be  necessary,  at  least  on  the  larg»  lota 
to  re-sharpen  the  gang  once  and  sometimes  twice  for  one  lot,  or,  if  tliit 
was  not  deemed  advisable,  the  feed  had  to  be  reduced  for  at  least  part 
of  the  pieces,  in  order  to  make  the  cutter  last  during  the  entirelot 
In  all  cases  where  the  wide-spaced  cutters  were  used,  the  entire  lot 
was  run  through  without  re-sbarpening  the  cutter  or  reducing  the  feed; 
and  it  should  be  kept  in  mind  that  this  feed  was  from  25  to  100  per 
cent  greater  than  previously  used.  There  is  no  case  on  record  what 
the  cutter  or  gang  was  dull  at  the  end  of  the  lot,  so  that  our  obserr*- 
tions  as  to  the  endurance  of  the  cutters  are  incomplete.  However; 
it  is  perfectly  safe  to  say,  that  in  all  cases  under  observation  the  cuttei 


maintained  its  sharpness  longer;  that  in  a  great  many  cases  doubJ 
the  amount  of  work  could  be  done  without  re-sharpening;  andtha 
there  is  good  reason  to  believe  an  even  greater  gain  than  this  wa 
obtained. 

20  A  further  advantage  is,  that  as  these  cutters  have  appRni 
mately  only  half  the  nimiber  of  teeth  of  what  is  now  conadered  i 
standard  cutter,  the  Ume  for  re-sharpening  is  only  half  as  mueh. 

21  It  was  pointed  out  that  the  ratio  of  pitch  to  depth  is  practicall] 
the  same  as  in  the  present  standard  cutter,  so  that  the  depth  o 
tooth  is  practically  doubled  and  this  cutter  can  be  sharpened  mod 
more  frequently  than  the  present  standard  cutter.  CooBeqimtt 
the  life  of  the  cutter  has  been  much  increased,  probably  more  tlu 
doubled. 
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22  A  glance  at  the  drawing  of  these  cutters  gives  the  impression 

that  the  teeth  are  weak  and  the  writer  has  watched  this  feature  with 

great  care.    The  cutters  themselves,  however,  do  not  give  this  im- 

pnaoon;  on  the  contrary,  they  look  stout  and  well  proportioned.    They 

have  been  subjected  to  the  heaviest  class  of  work  and  many  times 

were  purposely  abused  in  order  to  find  their  weak  points;  yet  there 

is  00  case  on  record  that  any  of  them  have  broken  although  they  have 

been  used  for  more  than  two  years  and  all  breakages  of  cutters  are 

earefully  noted.    On  the  other  hand,  breakages  of  the  old  cutters  are 

oot  at  all  infrequent. 

23  Though  these  cutters  are  capable  of  removing  metal  more 
;  npidly  than  the  older  type  of  cutter  there  are  many  cases  where 

this  feature  cannot  be  taken  advantage  of,  as,  for  instance,  where 
^ii  work  is  to  be  done  or  a  small  amount  of  stock  to  be  removed. 
In  such  cases,  however,  the  metal  is  removed  with  less  power  and  con- 
sequently with  less  strain  on  the  machine  and  the  life  of  the  machine 
is  lengthened  without  limiting  its  output. 

24  With  the  wide  spacing  of  the  teeth  it  may  seem  that  there 
^nld  be  cause  for  apprehension  as  to  the  action  of  the  feed.  It 
seems  as  if  the  feed  would  be  liable  to  act  with  jerks.  This,  however, 
is  not  the  case.  On  the  contrary,  the  feed  is  smoother  and  there  is 
kssof  a  jerk  when  the  cutter  first  strikes  the  work,  probably  because 
there  is  less  spring  in  the  arbor  and  less  tendency  for  the  cutter  to 
iWe  over  the  work,  as  will  be  explained  later  in  connection  with  the 
description  of  cutters. 

25  In  connection  with  this,  it  is  interesting  to  note  that  when 
^  iron  is  milled  by  these  wide-spaced  cutters,  it  appears  to  be  very 
*ft  and  when  the  same  piece  is  milled  by  an  old-style  cutter,  it  ap- 
P^  to  be  much  harder.  When  using  the  wide-spaced  cutter,  there 
B  a  notable  absence  of  jerking,  chattering  and  of  the  peculiar  singing 
^  which  is  so  often  noticed  on  milling  machines. 

28  There  is,  of  course,  a  difiference  in  the  hardness  of  different 

Pf^  of  cast  iron,  and  many  reconmiendations  as  to  the  proper  feeds 

'  ttd  speeds  for  milling  cast-iron  work,  made  by  the  writer   for 

^  company,  were  looked  askance  at.    The  impression  seemed  to 

Prevail  that  feeds  and  speeds  which  were  possible  on  American  iron, 

were  out  of  the  question  on  European  iron  (especially  English  and 

Oerman);  and  again,  that  feeds  and  speeds  proper  in  America  for 

western  iron  were  not  suitable  for  (^astern  iron.     To  test  the  truth 

}f  the  matter,  a  number  of  bars  of  cast  iron  were  obtained  from 

[ifferent    foundries   in   America,  England,  France  and    Germany. 
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These  bars  covered  a  great  many  mixtures  and  makes,  and   tb 
difference  between  English  and  American,  or  German  and  AtDerJ* 
can  iron,  or  between  eastern  and  western  iron  in  America,  was  found 
to  be  no  greater  than  that  between  different  specimens  of  westera 
American  iron.    Even  German  Spiegeleisen,  famous  for  its  hard- 
ness, cut  just  as  freely  as  soft  western  iron,  and  required  but  little 
more  power.    However,  it  did  require  more  clearance,  wide  spaoeSj 
and  a  low  speed. 

27  These  wide-spaced  cutters  were  originally  intended  for  rough- 
ing operations  only,  but  the  very  satisfactory  finish  obtained  when 
roughing  led  to  the  use*of  the  cutters  for  finishing  also.  If  there  is 
any  difference  at  all  in  the  finish  produced,  the  advantage  is  on  the 
side  of  the  wide-spaced  cutter.  The  fact  that  this  wide-spaced  cuttcsff 
will  cut  a  greater  number  of  pieces  without  dulling,  means,  of  couni^i 
that  the  average  finish  of  an  entire  lot  is  better. 


Form  lU'licf -{ 


fit    ^^ 


Fig.  10    Chip  Breaker,  Double  Size 

28  It  is  generally  believed  that  for  finishing  alone  a  milling  cutt^ 
should  be  used  without  chip  breakers,  the  effect  of  the  chip  break.^ 
being  to  scratch  the  surface.  To  overcome  this  trouble,  chip  breate^ 
are  made  as  shown  in  Fig.  10  with  clearance  at  both  corners.  TtiJ 
prevents  the  tearing  up  of  metal  with  the  result  that  a  cutter  wi^J 
these  chip  breakers  produces  as  good  a  finish  as  one  without  cbij 
breakers. 

29  It  should  be  pointed  out  that  this  form  of  chip  breaker  has  BXi 
advantage  also  for  roughing  cuts.    The  point  of  the  cutter,  where  tte 
unrelieved  side  of  the  chip  breaker  drags  over  the  work,  is  the  firrf 
point  to  give  out.    Making  the  chip  breaker  with  clearance  on  both 
edges  prolongs,  therefore,  the  life  of  the  cutter. 

30  One  of  the  great  advantages  of  this  form  of  chip  breaker  iii 
that  one  gang  can  be  used  for  both  roughing  and  finishing.  A  greit 
many,  if  not  most  milling  operations,  call  for  two  chuckings,  one  (or 
roughing,  and  one  for  finishing.  This  will  be  found  to  be  necessaiy 
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wherever  much  metal  is  to  be  removed,  on  account  of  distortion 
caused  by  the  cut,  the  heavy  clamping  reqmred,  heating,  spring  of 
arbor  or  fixture  and  the  unbalanced  condition  of  the  work  after  the 
seaie  has  been  removed  on  one  side.  In  order  to  do  the  roughing  as 
rapidly  as  possible  chip  breakers  are  required;  and  in  order  to  get 
proper  finish,  it  has  heretofore  been  necessary  that  the  finishing  gang 
be  without  chip  breakers.  It  paid,  therefore,  to  have  two  gangs 
I  whenever  the  number  of  pieces  to  be  milled  was  sufiSciently  large,  but 
I  this  involved  considerable  extra  expense  for  cutters.  The  new  form 
d  chip  breaker,  however,  permits  using  one  gang  for  both  finishing 
and  roughing. 

31  It  is  a  common  belief  that  better  finish  can  be  obtained  with 
teeth  closely  spaced,  but  experience  with  the  wide-spaced  cutter  shows 
tiiat  there  is  no  ground  for  this  belief.  The  grade  of  finish  may  be 
expressed  by  the  distance  between  successive  marks  on  the  work. 
These  marks  are  revolution  marks  and  not  tooth  marks.  It  is  prac- 
tically impossible  to  avoid  these  revolution  marks.  They  are  caused 
by  the  cutter  not  being  exactly  round  or  quite  concentric  with  the  hole, 
by  the  hole  not  being  of  exactly  the  same  size  as  the  arbor,  by  the 
arbor  not  being  round,  by  the  straight  part  of  the  arbor  not  being 
concentric  with  the  taper  shank,  by  the  taper  shank  not  being  round 
or  of  the  same  taper  exactly  as  the  taper  hole  in  the  spindle,  by  this 
taper  hole  being  out  of  line  with  the  spindle,  by  looseness  between 
the  spindle  and  its  bearings,  etc.    Each  of  these  items  is  very  small 

• 

in  any  good  milling  machine;  yet  the  acciunulation  of  these  little 
errors  is  sufficient  to  cause  a  mark  and  this  mark  needs  to  have  a 
depth  of  only  a  fraction  of  a  thousandth  of  an  inch  to  be  very  plainly 
^ble.  As  these  marks  are  caused  by  conditions  which  return  once 
for  every  revolution  of  the  cutter,  it  is  plain  that  the  spacing  of  the 
teeth  can  have  no  efifect  on  the  distance  between  them  and,  therefore, 
on  the  grade  of  finish. 

32  To  test  this  still  further,  two  cutters  of  exactly  the  same  size 
'^cre  placed  side  by  side  on  an  arbor.    The  cutters  were  ground  to- 
gether so  as  to  be  sure  they  were  of  equal  diameter  and  they  were 
ground  on  the  arbor  so  as  to  be  sure  that  the  error  would  appear  simul- 
taneously for  both  cutters.    A  block  of  cast  iron  was  finish-milled 
with  these  cutters  in  such  a  way  that  each  cutter  would  sweep  half 
ib6  width  of  the  block.    The  same  number  of  marks  appeared  on 
both  sides  of  the  block,  and  these  marks  were  exactly  in  line  with 
each  other,  as  might  have  been  expected.    The  grade  of  finish  was 
tfae  same  for  both  sides.    It  was  neglected  to  mark  the  two  sides  of 
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the  casting  to  show  which  cutter  was  operating.  After  this  test 
but  one  of  the  teeth  of  one  of  the  two  cutters  were  ground  lower,  f 
to  be  out  of  action  entirely,  leaving  only  one  tooth  of  one  ci 
operative.  Another  cut  like  the  first  one  was  taken  over  the  8 
block,  and  again  the  finish  appeared  the  same  on  both  sides.    T 


\^i 


10  R.H.spiral  8  teeth 


Fig.  11    Nbw  Type  of  Taper  Shank  End  Mills 


was  a  difference  of  opinion  between  different  observers  as  to  w 
side  was  cut  by  the  single  tooth.  By  close  observation,  howi 
a  difference  could  be  detected  when  light  fell  on  the  work  in  a  eei 
direction,  under  which  conditions  one  side  showed  more  i^oes 


r 
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'liit  other.  Straightness,  flatness  and  smoothness  to  the  touch 
ffere  exactly  the  same  for  both  sides,  notwithstanding  that  one  cutter 
had  one  tooth  only  and  the  other  fourteen  teeth.  Though  it  is  not 
rwommended  here  to  use  cutters  with  one  tooth  only  for  finishing, 
tteforegoingtestsbowsplainly  that  there  is  no  merit  in  fine  spacing. 
Atlentiou  is  agfun  called  to  the  fact,  that  even  though  the  finish  on  a 
single  piece  might  be  better  with  more  teeth  in  action,  the  average 
finish  for  an  entire  lot  of  pieces  is  better  with  less  teeth. 


Fio.  12    CoMPAEisoN  OF  Old  and  New  Sttlk  End  Mills 

^  FigB.  11  and  12  show  the  end  mills  which  are  now  considered 
^dard  by  the  Cmcinnati  Millit^  Machine  Company  and  which 
^pracUcally  all  requirements.  They  are  made  in  sizes  of  1  in.,  l^in., 
U  in.  and  2  in.  in  diameter,  the  smallest  with  four,  and  the  largest 
with  eight  teeth.  It  will  be  noticed  that  in  order  to  preserve  the 
slftngth  of  the  teeth  it  is  necessary  to  mill  the  back  of  the  teeth  of 
tbe  three  smaller  sizes  with  two  faces.  A  number  of  tests  have  been 
nude  with  these  cutters,  but  no  comparative  tests  as  to  power  con- 
■tunption.  Their  action  is  remarkably  free.  This  was  clearly  dem- 
dutrated  by  the  following  experiment :     A  2'in.  t^)er  shank  end- 
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mill  milled  a  slot  1^  in.  deep  ia  a  solid  block  of  cast  iron  at  a  rate  of 
0  in.  per  min.  The  block  was  clamped  to  the  table  of  the  milling 
machine  and  the  knee  was  fed  upward.    Under  these  conditions  the 


._.-j.  .      . 


^.'•^  .-i- 


*    2yi  in.  and  Sin.-  *■ 


3iin. ^ 


Vm.  V.J    Xi:\\  Tvi'E  of  SriKAL  Shell  Cuttbbs 

chips  (lid  not  free  Ihcmst'lves  from  the  cutter,  but  were  carried  around 
and  ground  up.  The  cutter  was  cutting  over  half  its  drcumferam* 
These  two  conditions  combined  make  the  task  for  the  milling  cutttf 
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ibout  as  difBcuIt  as  is  imaginable.  There  was,  however,  no  sign  of 
choking  and  the  power  consumption  was  not  higher  than  it  would 
li&ve  been  with  a  spiral  mill  under  ordinary  conditionB.  The  same 
cutter  ffould  remove  from  the  end  of  the  casting  a  section  1}  in.  wide 


*  «>^ 


Fio.  14  b    New  Ttpg 


""1 4  in.  deep.  Under  those  conditions,  the  chips  would  free  them- 
"''eg  from  the  cutter  and  these  chips  were  rolled  up  in  pieces  much 
TOUie  chips  obtained  from  a  broad  planer  tool,  when  taking  a  finish- 


260  HILLING  CtTTTERS  AND  TKBIR  BfTlCIBNCT 

iog  cut.  Tlis  cut  was  taken  with  a  feed  of  11  m,  per  mi 
Another  aimilar  cut,  but  1  in.  and  1}  in.  in  section  was  taken  with 
of  33  in.  per  miuute.  Similar  though  much  lighter  cuts  w«« 
with  ordinary  end  mills,  and  in  the  same  piece  of  cast  iron.  . 
the  cast  iron  seemed  to  be  very  hard,  and  became  glossy  when  cui 
an  ordinary  cutter,  but  appeared  to  be  soft  when  cut  with  the 
spaced  cutter. 

34  Fig.  13  shows  the  shell  end  mills  of  the  wide-spaced  type, ' 
are  now  considered  standard  for  their  use  by  the  Cincinnati  M 
Machine  Company. 


Fio,  15    Cduparison  of  Side  Mil 


n  Slottino  Mills 


35  Figs.  14a  and  146  show  the  aide  milb  and  Fig.  15  gives  a 
parison  of  the  new  and  old  style  side  mills  and  slottii^  mills. 

36  Face  mills  have  also  undergone  a  gradual  evolution  and  the 
now  used  by  the  company  and  catalogued,  though  not  made  by 
for  use  of  customers,  as  shown  in  Fig.  16.  Fig.  17  shoTt^  a  cuti 
«  design  now  generally  considered  to  be  si  andard.  In  this  latte 
sign,  the  blades  are  spaced  1  in.  aparl,  or  approximately  so;  the 
set  radial,  and  hiivc  no  means  lo  keep  them  from  pushing  back  e: 
the  regular  holding  means.    The  wide-spaced  face  mill,  on  the  t 
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hand,  has  the  blades  spaced  2  in.  apart.  They  are  set  at  an  angle  of 
15  deg.  with  the  radial  line,  and  are  backed  by  a  backing  ring  with  a 
set  screw  for  each  blade.  These  set  screws  allow  the  blade  to  be  ad- 
justed, besides  forming  a  stop  against  upward  movement  imder  pres- 
sure. A  face  mill  may  be  considered  as  a  planing  tool  moving  in  a 
circular  path.  The  cutting  edge,  therefore,  is  axial  and  not  radial. 
To  set  the  blades  at  an  angle  with  the  axis  does  not  produce  rake. 
The  wide-spaced  face  mill  shown  here  has  rake,  because  the  blades 
are  set  at  an  angle  with  the  radial  line. 

37  It  will  be  noticed  that  the  blades  are  set  at  an  angle  with  the 
axis.  It  will  further  be  noticed,  in  the  enlarged  view  of  the  blades, 
showing  the  roimded  corners,  that  the  comers  are  not  provided  with 
a  round,  but  rather  with  three  faces,  which  together  approximate  a 
curve.  It  is  to  offset  the  effect  of  this  roimd  that  the  angle  with  the 
axis  is  introduced.  In  Fig.  18  a  new  type  of  face  mill  is  shown  at  the 
left  and  at  the  right  a  mill  of  the  old  or  regular  type. 

38  However  accurately  a  milling  machine  may  be  built,  the  spin- 
dle is  not  exactly  at  right  angles  with  the  table.  The  amoimt  of 
variation  from  the  right  angle  is  very  small  in  a  properly  built  machine, 
but  some  variation  exists.  Besides,  this  variation  is  liable  to  become 
greater  when  the  machine  wears.  The  result  is,  that  when  feeding 
in  one  direction  the  leading  teeth  of  the  cutter  dig  deeper  into  the  work, 
leaving  the  other  side  of  the  cutter  entirely  clear,  but  when  feeding  in 
the  opposite  direction  the  opposite  takes  place,  which  makes  the  teeth 
drag  over  the  work.  In  order  to  provide  the  teeth  with  clearance, 
the  back  end  of  the  tooth  is  groimd  away  at  an  angle  of  three  to  five 
degrees. 

39  It  will  further  be  noticed,  that  there  is  a  land  of  ^  in.  only 
where  the  blade  is  straight.  It  is  the  excess  of  width  of  the  cutting 
blades  which  is  liable  to  cause  chatter.  Strange  as  it  may  seem,  this 
chatter  is  more  pronounced  with  a  Ught  than  with  a  heavy  cut.  It 
is  not  meant  that  there  is  actually  chatter,  but  merely  that  when  there 
is  a  tendency  to  chatter,  the  tendency  is  greater  on  a  lighter  cut. 
The  cause  is  that  the  tooth  does  not  enter  the  work  but  tries  to  ride 
over  it.  When  the  cutter  has  been  lifted  sufficiently,  the  pres- 
sure becomes  great  enough  to  make  the  blades  enter.  The  next  blade 
meets  the  same  difficulty  about  entering,  is  lifted  again,  and  so  on. 
This  action  causes  a  series  of  radial  chatter  marks  and  is  very  much 
worse  with  wide  blades  than  with  narrow  ones;  and  again  very  much 
worse  with  a  large  number  of  blades  than  with  a  few.  A  ^-in.  land 
proved  to  be  an  acceptable  compromise,  as  a  wider  land  would  quickly 
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dull  the  cutter,  even  if  it  did  not  make  a  chatter  mark,  while  a  nar- 
rower land  would  have  the  tendency  to  produce  a  scratchy  finish. 

40  In  Fig.  19  is  shown  detuls  of  a  helical  cutter.  These  cutters 
consist  of  a  cylindrical  body,  with  two  or  three  screw  threads  wound 
around  them,  the  threads  being  of  a  section  clearly  indicated  in  the 
engravii^.  The  helix  is  wound  around  the  body  with  an  angle  of 
69  deg.  with  the  axis.  The  diameter  is  3}  in.  and  the  lead  of  the  helix 
4}  in.  They  are  made  in  two  styles,  either  single,  or  as  interlocking 
right  and  left  hand  cutters.    They  are  made  with  a  rake  of  15  deg. 


Fia.  17    Face  Mill  of  Older  Ttte 


and  clearance  of  5  deg.  when  used  for  steel,  and  with  a  rake  of  8  deg. 
and  clearance  of  7  deg.  when  used  for  cast  iron.  Their  most  distin- 
guishing feature  is,  that  they  push  the  chip  oS  in  the  direction  of  the 
axis  of  the  cutter,  or  at  right  angles  to  the  feed.  The  power  consump- 
tion is  extremely  low  for  steel,  but  does  not  show  up  so  favorably  for 
east  iron.  A  roughing  cut  in  steel  requires  only  about  one-third  the 
power  of  an  old-style  spiral  mill.  Another  distinguishing  feature  is, 
that  this  cutter  does  not  make  revolution  marks  but  tooth  marks.    As 
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a  result,  a  much  coarser  feed  can  be  used  for  finiahing  A 
three  teeth  will  allow  of  a  finish  three  times  as  fast  as  an  onj 
mill.  Still  anotherfeatureof  this  cutter  is  the  entire  alMen 
in  the  arbor  when  cutting  steel.  It  is  posuble  to  take  a  t 
over  a  piece  of  steel,  then  return  the  work  under  the  CU' 
the  cutter  revolve  any  length  of  time  without  produdi 
Fig.  20  shows  how  this  feature  was  made  use  of  in  thi 
steel  test  pieces. 


FlO.   18     COUPABIBOMOP  HiohPowKB  ANI>RBaUI.AKFACI 


41  It  was  originally  thought  that  a  single  cutter  of  ti 
tion  would  do  well  for  finishing,  but  not  for  roughing,  on 
the  excessive  end  pressure  on  the  spindle,  and  the  interloc 
was  made  to  obviate  this  end  pressure.  However,  it  was 
this  end  pressure,  though  perceptible,  was  no  dlsturbin, 
Cuts  which  required  80  amperes  with  the  interlocking  euttt 
S5  amperes  with  the  single  cutter.  In  order  to  see  if  coi 
of  the  single  cutter  would  cause  increasing  friction  at  1 
end,  a  great  number  of  cuts  were  taken  in  as  rapid  sued 
was  possible  to  adjust  the  machine  for  the  next  cut. 
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Fra.  19    Dbtailb  or  Nbw  Tti-b  of  Helical  Cuttrk 

^  The  fact  that  there  is  ao  spring  in  the  arbor  makes  it  podsililr 
'"  lue  the  milling  machine  without  braces  in  a  great  many  cases  where 
"^y  would  otherwise  be  needed. 


1  m     ss 


f™.  20    Helical  CurrBHS,  Single  and  Lvtbhi-'hikbd,  and  Chips  Pkoducbd 
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43  The  chips  come  from  the  work  in  the  form  of  ^mlel 
in  Fig.  20.  The  back  of  the  chip  is  poHshed  or  burnished, 
face  of  the  work  shows  no  sign  of  tearing  of  the  metal. 

44  It  was  first  believed  that  these  cutters  would  worl 
high  speed;  but  it  was  found  that  this  was  not  the  case, 
duce  the  best  results  when  run  at  the  same  number  of  i 
as  the  ordinary  spiral  mill. 


Fio.  21    Qblicai.  CdttSr  at  Work  on  Stxbii  Test  Pn 

45  The  writer  believes  that  the  remarkably  low-powei 
tion  is  due  to  what  might  be  called  ''virtual  rake,"  which 
depending  on  the  angle  of  rake,  and  on  the  angle  the  threi 
makes  with  the  axis.  This  virtual  rake  becomes  a  small  i 
the  actual  rake  is  small.  Thb  is  the  case  with  the  cutter . 
steel,  where  the  actual  rake  is  75  deg.  Where,  however, 
of  rake  approaches  90  deg.,  the  influence  of  the  helix  bet 
much  less  pronounced;  and,  if  the  actual  rake  were  90  deg. 
enceof  the  spiraUty  would  be  zero;  in  other  words,  the  Vir 
equal  the  actual  rake.  This  may  explain  why  the  savinj 
consumption  is  not  so  pronounced  when  cutting  cast  ii 
beheved  that  this  saving  of  power  would  be  equally  as  grea 
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ux>n  as  with  steel,  if  the  same  virtual  rake  oould  be  obtained,  and  this 
supposition  was  borne  out  by  a'  few  tests  made  on  cast  iron  with  a 
helical  cutter  ground  for  steel.  The  fact,  however,  that  the  edge  of 
the  cutter  would  not  stand  up,  made  it  impossible  to  extend  the  tests 
far  enough  to  come  to  a  safe  conduaon. 

46  Another  reason  which  suggests  itself  to  the  writer,  as  to  why 
the  helical  cutter  shows  less  saving  in  power  on  cast  iron  than  on  steel, 
is  the  result  of  a  series  of  tests  made  on  cast  iron  and  steel  with  spiral 
mills  with  and  without  rake,  the  rake  being  in  all  cases  9  deg.  These 
cutters  showed  improved  efficiency  for  steel  and  cast  iron,  but  much 
more  for  the  first  than  for  the  latter.  A  cutting  tool  must  detach  the 
chip  from  the  work,  bend  the  chip  and  at  least  partially  break  it  up. 
When  cutting  steel,  the  radius  of  curvatiu'e  of  the  chip  becomes  greater 
^th  increased  rake  and  the  extent  to  which  the  chip  is  broken  up 
becomes  less.  Cast  iron  will  stand  much  less  bending  before  break- 
^^9  so  that,  even  with  increased  rake,  the  chip  is  still  broken  up  as 
btfcTOi  and  no  giving  in  power  can  be  effected  in  this  part  of  the 


• 

47  Figs.  22  and  23  are  diagrams  comparing  the  performance  of 
diflhisai  styles  of  cutters  for  different  materiak  and  the  different 
^^^B^ltlis  of  eat.  Hg.  22  gives  a  comparison  with  feeds  of  4  in.  per  min- 
^^^  iiid  Fig.  23  for  14  in.  per  minute.  It  will  be  noticed  that  all 
i^iEXcs  are  practically  straight  with  the  exception  of  the  line  for  the  reg- 
^d^ur  face  mill  when  cutting  machinery  steel.  This  line  makes  a  sharp 
t^2:n.  This  is  believed  to  be  due  to  the  fact  that  the  blades  of  this 
^A^se  mill  did  not  project  far  enough  beyond  the  body.  As  cast  iron 
clzi^ipg  were  crumbled  up  the  effect  was  not  noticeable  for  cast  iron,  but 
l>^came  quite  important  for  machine  steel.  Fig.  22  shows  that  for 
<^vi.tting  cast  iron  the  high-power  face  mill  is  the  most  efficient.  Then 
monies  the  regular  face  mill,  then  the  spiral  mill  with  l^-in.  spacing, 
^^€n  the  spiral  null  with  f-in.,  then  the  spiral  mill  with  f-in.  spacing. 
le  6-in.  and  3-in.  end  mills  come  last  in  efficiency.  These  mills 
of  the  old  t3rpe  with  relatively  fine  spacing, 
ti  The  order  of  efficiency  of  the  different  cutters  is  somewhat 
different  for  machine  steel.  The  helical  mill  comes  first,  then  the  high- 
P^er  face  mill,  then  the  spiral  mill  with  f-in.  spacing  (no  tests  were 
^^6  with  spiral  miUs  with  {-in.  and  If-in.  spacing  on  machine  steel) 
^d  finally  the  regular  face  mill;  but  it  should  be  noticed  that,  if  the 
^^e  for  this  mill  had  continued  the  way  it  started,  it  would  have 
"^n  below  the  curve  for  a  spiral  mill. 
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Fio.  22  ErpiciENcv  Tests  of  Ciittehs.  Comparisons  Cuuve  Rbducid  to 
1  IN.  Width  of  Cut.  Cabt-Ihon  Cumvks  CoRRBtrrsD  ros  Habdmeu  of 
MATEftiAi..    Feed  4  in.  per  XIin. 

49  Fig.  23  gives  comparative  curves  for  a  feed  of  14  in.  per  min. 
Tbs  order  of  efficiency  is  much  the  same  as  in  Fig.  22  with  sume  ex- 
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S  IN.,  Rbdocbd  to  Basis  of  1  in. 


DISCUSSION 

John  Pabkeb.  Much  study  and  many  years  of  actual  ezperienoe 
have  been  mvolved  in  the  present  design  of  cutters,  and  any  type 
that  possesses  any  one  quality  to  such  an  abnormal  extent  that  its 
other  attributes  are  made  less  efficient  cannot  be  accepted  as  the 
ideal  cutter  for  general  use. 

The  t3rpe  of  cutter  Mr.  DeLeeuw  has  introduced  has  undoubtedly 
the  merit  of  consuming  less  power  than  the  regular  cutteri  as  shown 
by  his  tests  and  confirmed  to  a  large  extent  by  a  number  of  comp«>- 
ative  tests  made  at  the  works  of  the  Brown  &  Sharpe  ManufaGta^ 
ing  Company.  This  distinctive  quality  is  of  interest  and  pves  tk 
cutter  a  value  which  would  be  greater  were  it  not  that  while  fmr  tk 
heavier  class  of  milling  machines  the  new  cutter  proved  entirely  e^M- 
ble,  on  the  lighter  class  satisfactory  results  were  not  obtainidble. 

It  is  evident  that  the  new  cutter,  having  so  few  teeth,  produea 
a  hanunering  action  on  the  work  greater  than  that  of  the  standiid 
cutter,  because  there  are  not  sufficient  teeth  in  contact  to  steady  the 
action;  and,  unless  the  machine  has  the  rigidity  and  mass venen pos- 
sessed by  the  heavier  class  of  machines  to  withstand  this  pounding 
effect,  the  smooth  action,  so  essential  to  good  milling  practice,  is  not 
obtained.  This  undesirable  feature  was  very  noticeable  on  a  Na  ! 
Universal  milling  machine,  which  is  essentially  a  tool-room  maduM 
and  necessarily  of  a  light  character  to  enable  it  to  be  handled  quidlf 
and  easily.  The  pounding  was  so  severe  that  the  tests  had  to  be  sud- 
denly terminated,  owing  to  the  abusive  action  to  which  the  machine 
was  subjected.  In  another  machine,  somewhat  heavier  than  the  one 
referred  to,  work,  when  using  the  ordinary  cutters,  could  be  held  is 
a  vise  clamped  in  the  usual  way;  but,  with  the  new  cutters  it  would  be 
pushed  bodily  out  of  the  \'ise,  and  auxiliary  means  had  to  be  provided 
to  hold  it  in  place.  This  would  indicate  that  the  new  cutters  wooH 
not  be  suitable  for  that  class  of  work,  when,  for  some  reason  it  ccwH 
not  be  so  firmly  secured  lis  desired,  or  when  great  care  would  havsl* 
bo  exercised  in  clamping  do^vn  work  to  the  fixture  or  machine  tabhk 
to  prevent  springing. 

Comparative  tests  were  made  between  the  special  and  the  standtfl 
milling  cutters,  in  both  cast  iron  and  steel,  on  the  No.  5  Brown  4 
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Sharpe  plain  milling  machine.  The  machine  was  motor-driven  and 
was  connected  to  a  Westinghouse  graphic  meter  for  recording  the 
tests.  This  is  probably  one  of  the  best  existing  methods  for  making 
comparative  tests.  The  cutters  used  were  3f  in.  in  diameter,  12 
d^.  spiral,  right-  and  left-hand.  The  special  cutters  had  9  teeth,  and 
the  standard  16.  These  tests  showed  that,  in  removing  24  cu.  in.  of 
cast  iron  per  minute,  the  new  cutters  consumed  20  per  cent  less  power 
than  the  standard  cutters,  15  per  cent  in  removing  15  cu.  in.,  and  14 
per  cent  in  removing  12  cu.  in.  of  machinery  steel.  As  regards  the 
smoothness  of  action,  there  was  very  little  difference  noted  between 
the  two  types;  both  were  very  good.  A  finishing  cut  was  taken  with 
each  cutter  in  both  cast  iron  and  steel;  all  the  surfaces  were  excellent, 
the  standard  cutter  having  a  trifle  better  finish. 

Comparative  tests  were  made  on  the  No.  3  Brown  and  Sharpe  plain 
milling  machine  with  both  the  new  and  the  regular  type  end  mills, 
of  the  following  diameters  and  number  of  teeth:  1  in.,  4  and  10;  1^ 
in.,  6  and  12;  and  2  in.,  8  and  14.  In  all  cases  the  end  mills  with  the 
small  number  of  teeth  consumed  less  power  in  both  cast  iron  and  steel. 
The  gain  in  cast  iron  was  19  per  cent  for  the  1  in.  diameter,  16  percent 
for  the  1^  in.  diameter,  and  18  per  cent  for  the  2  in.  diameter;  and  in 
steel,  14  per  cent  for  the  1  in.  diameter,  12  per  cent  for  the  1^  in.  diam- 
eter, and  9  per  cent  for  the  2  in.  diameter.  In  tiiese  tests  it  was 
foimd  that  the  new  style  mill  had  a  tendency  to  work  loose,  notwith- 
standing that  the  hand  of  the  spiral  in  relation  to  the  rotation  of  the 
mill,  had  the  effect  of  pushing  it  in  towards  the  spindle.  This  trouble 
was  undoubtedly  caused  by  tiie  fact  that  the  mill  •  had  so  few  teeth 
that  the  work  imposed  upon  each  tooth  was  sufficient  to  produce  a 
pounding  effect  which  jarred  the  mill  loose.  It  is  only  fair  to  say  that 
the  cuts  taken  were  far  beyond  what  would  be  used  in  ordinary  prac- 
tice,  and  that  possibly  imder  ordinary  working  conditions  no  bad 
effect  might  result.  However  this  may  be,  this  point  would  have  to 
be  carefully  tried  out  before  this  type  of  cutter  could  be  accepted 
in  place  of  the  regular,  which  developed  no  such  trouble. 

Jn  making  tiie  tests  on  the  No.  5  plain  milling  machine  with  the 
milling  cutters,  the  point  regarding  lack  of  chip  room  that  Mr. 
DeLeeuw  emphasizes  was  closely  watched  in  the  standard  cutters,  and, 
although  the  chip  taken  was  far  in  excess  of  what  would  be  demanded 
in  ordinary  practice,  namely,  A  in.  deep  and  10  in.  feed  per  minute, 
there  was  apparently  sufficient  space,  as  not  the  slightest  sign  of  clog- 
ging was  in  evidence. 
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For  some  time  past,  stock  face  milling  cutters  have  been  nu 
mth  the  teeth  set  at  an  angle,  both  on  the  face  and  perii>hery|iriien 
the  older  type  had  radial  teeth,  both  on  the  face  and  perijdia 
in  both  cases  the  pitch  of  teeth  approximates  1}  inf.  As  a  matter 
interest,  comparative  tests  were  made.  The  results  were,  with  1 
new  type,  a  saving  of  12  per  cent  of  power  in  oast  iron,  and  a  gain 
6  per  cent  in  favor  of  the  old  type  in  steel.  This  latter  was  somewl 
surprising;  and,  were  it  not  for  the  very  careful  manner  in  wbioh  th< 
comparative  tests  were  made  and  recorded,  the  result  migjht  be  qu 
tioned. 

A  test  was  made  in  steel  with  the  new  and  old  mde  miUiiig  euttc 
4  in.  in  diameter,  14  and  28  teeth  respectively.  Qnepairof  eaeh^ 
used.  A  gain  in  power  of  20  per  cent  in  favor  of  the  new  was  obtaim 
In  this  test  the  cutters  with  the  smaller  number  of  teeth  out  m< 
easily  and  the  work  had  a  better  finish. 

In  briefly  smnming  up  the  situation,  I  believe  Mr.  DeLeeuw  1 
developed  an  interesting  type  of  cutter  which  posaesses  to  a  marl 
degree  a  valuable  attribute,  that  of  saving  power;  and,  in  oert 
classes  of  work,  such  as  heavy  manufacturing  milling,  it  will  doubt! 
find  a  field  *^  whiph  its  characteristics  are  most  suitablfi.  But, 
view  of  the  knowledge  g^uned  by  tiie  comparative  tests  made,  I  da' 
very  much  whether  it  will  be  as  successful  a  cutter  fw  gen^ 
purposes  as  its  predecessors. 

A.  F.  MuBRAT.  The  results  of  Mr.  DeLeeuw's  experiments 
in  accordance  with  theories  which  I  have  been  advocating  for  sew 
years.  At  the  Blake  &  Enowles  Steam  Pump  Works  we  are  o 
tinually  re-cutting  old  milling  cutters  for  our  manufacturing  deps 
ments,  and  invariably  reduce  the  number  of  teeth  about  half,  setti 
the  mill  deep  enough  to  cut  out  completely  every  other  tooth.  . 
most  cases  we  have  done  this  with  standard  bevel  cutters  for  millii 
the  teeth.  We  are  now  glad  to  avail  ourselves  of  the  results  of  M 
DeLeeuw's  experiments  as  to  changes  in  these  cutting  angles  for^ 
and  spiral  mills. 

We  have  an  equipment  of  the  high  power  face  mills,  shown  in  Fii 
16,  and  we  have  recently  had  some  new  high-duty  16-in.  and  2Qi 
face  mills  made  for  a  heavy  4-spindle  milling  machine.  Fig.  i 
shows  the  two  16-in.  cutter  heads  at  work  with  the  two  20-in.  euM 
heads  standing  alongside  the  machine.  An  old  pattern  12-in.  eutti 
head  is  shown  on  the  horizontal  spindle. 


DiaODSBlON  BY  A.  r.  MURBAT 


281 


The  iO«thod  of  attachiog  these  cutters  to  the  spindle  is  worth  not- 
tes-  "^e  Qnndle  has  a  taper  hole  in  wluch  is  fitted  a  short  arbor 
Im.  in  diameter  used  only  for  centering  the  cutter.  The  spindle 
tin  haa  a  flanged  end  7  in.  in  diameter  and  a  key  I  in.  wide  perma- 
nntly  dovetuled  across  its  face.    The  flange  is  also  tapped  for  four 
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n"-  bolts  which  hold  the  cutter  firmly  and  squarely  against  the  face 
utlie  spindle  but  do  not  assist  in  driving,  as  they  go  through  clearance 
■"ws  ia  the  cutter  head.  This  holding  means  was  suggested  by  one 
« the  cutter  manufacturers  and  adopted  after  a  careful  trial  of  the 
""jttera  screwed  on  the  end  of  the  spindle  and  several  arrangements 
■™  drawback  bolts  and  with  both  face  and  longitudinal  keys.    Fig. 
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Saws,  slotting  and  side  mills,  as  ordinarily  made,  have  too 
teeth.    It  is  my  opinion  that  a  large  proportion  of  the  auooesB  (^i 
tained  by  the  use  of  inserted  tooth  mills  for  this  purpose  has  been  Au 
to  the  enforced  reduction  in  the  number  of  teeth.    Several  ye^tf: 
ago,  while  connected  with  a  small  arms  factory,  I  assisted  in  some 
experiments  which  were  made  for  increasing  the  production  of  a  reay 
heavy  slotting  operation  in  which  a  7-in.  cutter,  0.900  in.  wide  witli 
a  li  in.  hole,  buried  itself  to  the  hub  in  a  steel  forging  set  at  an  angle 
of  45  deg.    The  operation  was  performed  on  a  heavy  type  of  linooin 
milling  machine.    The  first  cutter  employed  was  a  hig]h-fipeed  ads 
mill  of  regular  pattern,  which  gave  very  unsatisfactory  results  And 
stalled  the  machine  with  light  feed,  choking  with  chips,  although  tiie 
cut  was  flushed  with  a  heavy  stream  of  soda  water.    Some  one  sug- 
gested the  cutter  shown  in  Fig.  42  which  practically  doubled  the  pio- 
duction,  but  the  output  was  still  below  requirements.    OppoiAe 
comers  of  alternate  teeth  were  then  removed,  as  shown  in  Hg.  41. 


Fig.  43    Cuttbr  with  Oppositb  Gobiobbs  of  Altbbnatb  Tbbth  RmonD 

This  slight  change  enabled  us  to  feed  from  1  to  1}  in.  a  minute  10 
against  about  f  in.  with  the  cutter  (Fig.  42)  and  about  |  in.  with  the 
standard  form  of  side  milling  cutter. 

About  two  years  ago  I  repeated  this  experiment  with  an  inserted 
tooth  side  milling  cutter  10  in.  in  diameter,  1^  in.  face,  2  in.  hole- 
The  pitch  of  the  blades  was  about  the  same  as  that  shown  in  Fig.  17 
(being  a  side  mill  the  blades  were  set  in  parallel  to  the  axis),  appiQS- 
imately  1  in.  circular  pitch.  This  cutter  was  being  used  to  mill  a  ^ 
slot  3^  in.  deep  by  If  in.  wide  in  U.  S.  Navy  Class  A  steel  forging  : 
having  a  tensile  strength  of  80,000  lb.  per  sq.  in. 

The  cutter,  as  furnished  by  the  manufacturer  for  straddle  nutt- 
ing work,  was  unable  to  cut  through  this  material  more  than  |  in*  , 
per  min.  and  the  machine  could  be  heard  all  over  the  room.  Thil 
recalled  to  my  mind  the  former  experience  above  referred  to  and  alte^ 
nate  comers  of  the  inserted  blades  were  ground  off  at  an  angle  of  15 
deg.,  tV  in.  beyond  the  center,  and  they  were  sufficiently  ofEset  to 
enable  the  1^  in.  cutter  to  machine  the  If  in.  slot  to  siie  at  only  om 
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41  shows  the  construction  of  these  cutters.  It  will  be  noted  that 
the  bodies  are  shaped  like  the  frustum  of  a  cone  with  the  blades 
pitched  back  at  an  angle  of  10  deg.  and  proj  ecting  beyond  the  rear  of 
the  body  as  much  as  the  design  permits.  In  this  way  long  life  of 
cutter  blades  is  secured  with  a  minimum  amount  of  grinding.  The 
other  clearance  angles,  it  will  be  noted,  are  practically  the  same  as 
in  Fig.  16.  Instead  of  three  settings  in  grinding  required  for  comer- 
ing  the  blade,  we  have  obtained  good  results  with  two  settings  as 
shown  in  detail  in  Fig.  41. 

It  is  our  intention  to  construct  experimental  cutters  with  coarser 
pitch  of  blades  than  those  we  have  at  present  (2^  in.  and  3  in.  circu- 

U-  -jSim'-  -J 
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Tf*"  pitch  instead  of  2}  in.),  as  we  do  not  believe  we  have  reached 
'***  limit  in  tMs  direction. 

.  -^teferring  to  Mr.  DeLeeuw's  remarks  on  end  mills,  results  obtained 
^  A  aplining  machine  recently  put  on  the  market,  by  the  use  of  fish- 
r^  cutters  running  at  high  speed  with  ample  lubrication,  have  served 
itidicate  that  a  reduction  in  the  number  of  teeth  of  end  mills  was 
r**itable.  We  have  recentiy  put  into  use  several  3-in.  and  4-in. 
r~**rted  blade  end  mills  with  6  and  8  teeth  respectively,  the  blades 
^^*0g  constructed  of  |  by  1  ^  in.  high-speed  steel,  raked  in  the  same 
^^^nner  as  the  larger  face  mills  shown  in  Elg.  16. 
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P.  V.  Vebnon.  An  article  published  by  the  writer  in  the  Ed^ 
is  in  substantial  agreement  with  Mr.  DeLeeuw.  It  emphaslKi 
superiority  of  coarse  pitch  over  fine  pitch  cutters,  with  a  HingraTn 
2,  see  Fig.  44)  showing  the  way  in  which  the  chip  is  fonoed,  mi 


^  b-PeprhafcuT 


Fig.  44    Ac?riON  or 


of  feed  pressure  c, 
L  SiDX  Cdttzb 


to  the  method  described  by  Mr.  DeLeeuw.  f^.  3  (see  Pig. 
shows  the  way  the  chip  is  formed  by  a  face  mil!.  In  a  table  com[: 
for  the  article,  the  -saine  number  of  teeth  for  roughing  cuttei 
recommended. 


Fig.  4  of  the  article  (?ee  Fig.  46)  shows  an  example  of  coarse  p 
inilliiiK  ;ui<!  Fiji^.  4"  and  4S  hrrpwith  illustrate  the  heavy  milling 
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F  CoAKBK  Pitch  Miu-iso 


Yio.  17    KxAUPLE  or  Heavz  Milling  ferformed  bt  No.  22  Sixr.Li 
Pdllet  Plain  Miujnq  Machinb 
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formed  by  the  No.  22  single  pulley  plain  milling  machin 
Herbert,  Ltd.  This  machine  corresponds  approximately 
the  No.  4  machine  of  the  usual  American  specifications 
in  question  were  taken  with  coarse  pitch  cutters,  4}  in.  L 
the  size  of  the  arbor  being  2  in. 

On  the  subject  of  face  mills,  I  may  say  that  inserted  t( 
having  the  same  features  as  those  described  by  Mr.  Del 
been  made  and  sold  by  this  same  firm  for  the  past  eight  } 
49  shows  an  early  type  of  cutter  on  this  principle,  dating  bi 
and  Figs.  50  luid  51  show  the  present  practice.  In  tht 
cutters  are  provided  with  rake  in  two  directions. 


Fig.  48    Ex&uPLB  of  Heavy  Millino  perfurukd  by  No.  3 
PuLi.Er  Plain  MiLLraa  Machine 

With  regard  to  notched  cutters  with  the  notches  relie'v 
sides,  such  cutters  were  originally  introduced  into  England 
Muir  &  Company,  in  1880,  The  form  of  the  notch  wa 
rectangular  instead  of  V-ehaped. 

I  am  not  entirely  in  agreement  with  the  author  coucer 
cutters,  as  I  have  tried  them  and  although  the  chips  com 
way  stated,  yet  they  are  much  hotter  than  with  ordii 
pitch  roughing  cutters,  owing  to  the  amount  of  rubbin 
much  greater,  and  the  end  thrust  was  such  that  when  usedc 
with  plain  thrust  washers  great  difficulty  was  experienced 
the  bearing  cool.  Unless  made  right  and  left  hand  I  di 
such  cutters  are  likely  to  come  into  general  use. 
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■  <-i.  49    Eablt  iNaEBTBD  Tooth  Face  Cuttek,  Februaby 


Jf 


^=^a.. 

1 

Fio.  50  Prksent  Stvi.I!;  Inserted  Tooth  Facb  Cittbr 
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[A  reference  by  Mr.  VemoQ  in  the  article  in  the  Engineer  1 
use  of  cuttaB  of  coarse  pitch  is  contained  in  the  following  a 
from  the  article  to  which  he  refers. — Editor.] 

TheuBuallimitationBof  output  when  milling  are  caused  by  spring  ore 
due  to  weakness  of  the  work,  lack  of  driving  power,  weakness  of  themi 
orofthecutterorbor;  weakness  oftbe  feed  motion;  weakness  of  the  body 
cutter,  notof  the  teeth;  or  insufficient  room  for  chips.  In  order  to  get  th 
imum  amount  of  work  then  from  each  tooth  of  the  cutter  it  is  necessary  i 
the  following  requirements,  assuming  that  the  work  is  massive  enough  ti 
the  heaviest  cut  that  will  betaken:    (a)  sufficient  driving  power;  (b)  a 


FiQ.  51    Ihbekted  TooTii  Cuttebs 

enough  machine;  (c)  a  stiff  enough  arbor;  (d)  a  regular  and  powerfulfeei 
enough  metal  in  the  body  of  the  cutter;  (/)  ample  room  for  chips;  in 
words,  teeth  of  coarse  pitch. 

A  milling  cutter  will  do  more  work  when  each  tooth  gets  welt  under  tin 
face;  in  other  words,  when  the  feed  pertoothisaufficient  toenableacuti 
than  a  scrape  to  be  taken.  With  coarse  pitch  cutters  less  teeth  are  eutti 
one  time,  and  a  given  feed  power  is  more  effective  on  each  tooth  than  i 
case  of  fine  pitch  cutters.  There  is  also  more  room  for  chips.  The  spai 
tooth  available  for  chips  varies  approximately  as  thesquare  of  thepitch 
teeth,  and  the  total  apace  for  chips  all  round  the  cutter  varies  directly  i 
pitch.  Coarse  pitch  cutters  can  also  have  stronger  teeth  than  fine  pile' 
ters,  as  they  permit  of  a  wider  lend  behind  the  cutting  edge,  without  u 
robbing  the  space  available  for  chips,  and  incidentally  the  thicker  tooth 
so  easily  affected  by  beat  generated  while  cutting.  In  addition  to  th 
thicker  chips  taken  by  coarse  pitch  teeth  occupy  less  space  in  proport 
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their  weight  than  thin  chips,  thus  further  favouring  the  coarse  pitch  cutter. 
Most  of  the  published  tables  of  milling  cutter  dimensions  specify  too  many 
teeth  in  the  cutters,  and  users  of  modern  machines  will  be  well  advised  not  to 
rely  on  such  tables,  but  to  favour  very  much  coarser  pitches. 

Table  1  has  been  found  satisfactory  for  general  use,  but  is  put  forward  more 
as  a  suggestion  than  with  the  idea  that  it  is  a  final  statement  of  ultimate  pos- 
sibilities. 

TABLE  1    CYLINDRICAL  CUTTERS 


Diametar 


i 

A 

J 

A 

1 

U 

11 

l« 

11 

11 

2 

SI 

n 

SI 

3« 

81 

Ing  and  Finishing 

Cuttera  for  Heavy  Roughing 
only 

No.  of  teeth 

No.  of  teeth 

6 

•  • 

6 

•  • 

8 

•  • 

9 

10 

12 

14 

10 

18 

10 

With  roughing  cutters  made  as  per  the  last  column,  only  one  tooth  will  be 
cutting  at  a  time  on  all  ordinary  roughing  work.  The  spiral  must,  therefore, 
be  such  as  to  ensure  continuity  of  torque,  or  the  result  will  be  an  intermittent 
cut.  A  good  angle  of  spiral  for  generfd  work  is  27  deg.  with  the  axis  of  the  cut- 
ter. It  must  not  be  forgotten  that  coarse  pitch  of  teeth  necessitates  short 
pitch  of  spiral. 

The  Axtthor.  In  a  general  way,  the  results  of  Mr.  Parker's  ex- 
periments are  in  line  with  mine  and  perhaps  the  greatest  difference 
between  them  is  a  matter  of  amount.  The  difference  between  the 
power  consumed  with  the  old  and  new  style  cutters  I  found  to  be 
greater  than  that  obtained  by  Mr.  Parker,  and  further  experiments 
which  I  have  made  since  writing  this  paper  show  even  greater  differ- 
ences than  were  found  at  first,  due  to  the  fact  that  they  were  made 
with  cutters  with  a  wider  spacing  of  the  teeth. 

As  to  the  hammering  effect  produced  by  the  wide-spaced  cutter, 
I  found  this  to  exist  only  with  roughing  cuts  of  very  moderate  depth 
and  it  was  overcome  entirely  by  making  the  spiral  steeper  than  10 
deg.  Experiments  carried  out  with  cutters  with  20-deg.  spiral  were 
entirely  successful  and  it  was  found  impossible  to  produce  a  set  of 
conditions  in  which  this  cutter  would  cause  hammering.  At  the  same 
time,  the  end  thrust  was  so  slight,  that  its  effect  could  not  be  noticed. 
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Mr.  Parker's  method  of  using  a  Westinghouse  g^phic  meter  for 
recording  the  tests  raises  doubts  in  my  mind  as  to  whether  it  is  pos- 
sible to  get  a  simultaneous  reading  of  power  consumed  and  spe^  of 
machine,  though,  of  course,  I  have  no  reason  to  doubt  that  Mr.  Parte 
has  taken  care  of  this  feature  in  some  way.  If  so,  it  would  be  inter- 
esting to  know  in  detail  his  method  of  testing. 

The  results  of  his  tests  of  wide  and  narrow  spaced  face  mills,  (the 
wide  spaced  mills  having  double  rake),  are  widely  at  variance  witii  my 
results;  and  if  I  had  not  repeated  carefully  these  teste  a  great  num- 
ber of  times,  I  might  be  tempted  to  repeat  them  again.  It  is  probable 
that  there  are  some  essential  constructive  differences  between  the 
cutters  used  by  Mr.  Parker  and  by  myself,  which  may  explain  this 
great  difference  in  results. 

The  only  thing  I  want  to  add  to  Mr.  Murray's  remark  is  that  there 
seem  to  be  some  points  in  the  construction  of  this  cutter  which  I  would 
consider  improvements,  especially  the  cutting  away  of  one  side  of 
the  alternate  teeth. 

In  regard  to  Mr.  Huson's  remark  that  ''the  amount  of  power  oon- 
sumed  is  of  little  importance  in  the  final  cost,  if  as  a  result  of  tsfiii 
machine  output,  manual  labor  must  be  used  to  make  the  work  accep- 
table," I  would  not  wish  anyone  to  think  that  I  have  advocated 
rapid  removal  of  metal  at  the  expense  of  finish,  nor  that  these  new 
cutters  produce  such  an  undesirable  result.  On  the  contraiy,  I 
found  less  disturbance  of  flatness  and  straightness,  on  account  of 
pressure  and  heat.  Another  angle  of  this  question  is  that  it  is  not 
so  desirable  to  use  less  power  because  power  costs  money,  but  because 
all  power  used  which  is  not  needed  directly  for  separating  the  chip 
from  the  work,  is  power  used  to  dull  or  break  cutters,  to  distort  work 
and  to  wear  or  ruin  the  machine,  and  if  I  would  get  a  bonus  for  eveiy 
horsepower  used  on  machine  tools,  I  would  still  aim  to  make  the 
machines  in  the  shop  do  their  work  with  the  smallest  possible  amount 
of  power. 


No.  1314 

TOPICAL  DISCUSSION  ON  LARGE  BLAST-FUR- 
NACE GAS-POWER  PLANTS 

A.  E.  Maccoun'  said  that  the  cost  of  a  gas  engine  is  very  much 
lugber  and  the  space  required  very  much  larger  than  that  for  a  steam 
engine  of  the  same  power.  Some  have  tried  to  overcome  this  diffi- 
culty by  running  the  engine  at  excessively  high  speeds,  but  this 
practice  cannot  be  recommended.  With  large  gas  engines,  for 
instance  an  engine  with  a  cylinder  48  in.  in  diameter,  it  becomes 
nearly  impossible  to  design  the  working  parts,  such  as  cylinders, 
piston  rods,  pistons,  frames,  crank  pins,  etc.,  sufficiently  large  and 
strong  and  to  find  material  good  enough  to  withstand  the  enormous 
strains  to  which  they  are  subjected.  In  large  gas  engines  the  parts 
^  continually  subjected  to  fatigue  on  account  of  the  high  tempera- 
ture and  pressure  conditions,  from  which  many  cracked  pistons,  rods, 
heads  and  cylinders  have  resulted,  and  much  of  the  economy  gained 
^  the  use  of  fuel  has  been  lost  in  the  enormous  repairs  required  on 
niany  of  these  engines. 

So  far  as  reliability  is  concerned,  although  they  may  require  more 
skilled  supervision,  excellent  results  are  being  obtained  at  many 
plants,  the  record  of  operation  with  the  percentage  of  time  operated 
during  the  year  at  the  Edgar  Thomson  furnaces  being  from  75.87 
^  90.3  per  cent.  The  most  important  part  of  a  gas  engine  is  the 
cylinder  and  the  troubles  from  this  have  not  yet  been  completely 
overcome.  The  greatest  difficulty  is  due  to  cylinders  cracking,  thus 
blowing  the  water  to  leak  into  them,  seriously  interfering  with  the 
operation  of  the  engines.  To  prevent  this,  great  care  must  be  taken 
^  provide  for  the  extreme  temperature  and  pressure  conditions  and 
"^e  cylinders  necessarily  have  to  be  very  carefully  water-jacketed  to 
prevent  unequal  expansion. 

*  Superintendent  of  Furnaces,  Edgar  Thomson  Steel  Works,  Braddock,  Pa. 

In  abstract  fonn.  Presented  at  the  Spring  Meeting,  Pittsburgh  1911,  of 
AHi  American  Societt  op  Mechanical  Engineers.  A  more  complete  ac- 
^'^^  appears  in  The  Journal,  September  1911. 
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Iron  aod  steel  castings  have  been  used  for  these  cylinderB  and 
is  still  a  difference  of  opinion  as  to  which  is  preferable,  the  sp 
favoring  the  steel  casting  on  account  of  its  greater  strength  tog 
with  its  thinner  walls,  permitting  better  cooling  and  helping  tc 
vent  the  fatigue  of  the  metal.  But  even  this  does  not  elim 
cracking.  Large  gas-en^e  cylinder  castings  should  be  mat 
plain  and  mmple  as  possible,  and  preferably  in  halves  and  bu 
The  bushing  renders  a  new  cylinder  wall  available  at  a  cost  : 
less  than  boring  and  fitting  new  pistons,  from  time  to  time, 
bushing  should  be  easily  removable  and  not  require  the  rei 
of  the  cylinder  from  the  engine.  Both  cast-iron  and  cast 
bushinfp  have  given  satisfaction. 


Fio.  I    CsosB-SEcnoN  and  LosorniDiNAL  SscnoN  of  Ctldidu 


As  large  a  space  as  possible  should  be  allowed  for  circulating  ^ 
and  special  attention  should  be  given  to  the  bushings  connectio; 
inner  and  outer  walls  of  cylinders  for  igniters,  air  valves,  etc.,  so 
will  remain  tight  and  allow  for  the  difference  in  expansion  bet' 
the  inner  and  outer  walls  of  cylinders.  The  limit  of  sizeof  gas  ei 
cylinders  is  very  uncertain  and  it  looks  as  if  44  in.  in  diameter  sb 
be  about  the  maximum  until  further  results  are  obtained  from 
numerous  demgns  now  being  tried  out.  Fig.  1  shows  a  cast- 
cylinder  used  on  Westinghouse  gas  engiues  at  the  Edgar  Thoi 
Works  and  Figs.  2  and  3  sectional  details. 

Piston  rods  should  be  made  in  one  piece  and  should  be  free 
all  parts  that  may  become  loose.  The  number  of  rings  in  va 
gas-engine  pistons  varies  from  three  to  eight,  from  snap  rinf 
sectional  rings  with  keepers,  the  speaker  preferring  not  to  ex 
four  rings,  of  the  latter  type,  with  good  depth  and  wearing  suif 
The  rings  should  be  dowelled  in  place  so  that  no  dowels  can  comi 
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ud  art  the  cylinders.  It  is  a  most  difficult  problem  to  deagn  piston 
ndBBtrong  enough  to  stand  the  constant  stresses  and  strains  to  which 
tbtty  are  subjected  on  large  gas  engines.    The  maximum  siresa  (Hi 


EihaiMt  Pipe 
(Outlet  uot 
abown) 


Pia.  2    CBoao-SKonoN  or  Ctlindbb 

THBOUOH  lONITIB  HOLIB 

ft  BcctJon  of  rod  due  to  the  eiqiloflion  pressure,  varies  from  about 
SCtOO  to  11,000  lb.  per  aq.  in.,  on  the  various  American  types  of  large 
EM  elites,  and  still  many  of  these  rods  have  failed  and  it  is  nearly 


^0.  4    Section  of  Gas-Enqime  Fibton;  Rikos  1  iir.  bt  1|  in. 

"''POBsible  to  increase  the  dze  to  any  great  extent.  Some  are  as 
''^  u  13  in.  in  diameter,  but  changes  that  have  helped  to  strength- 
onhetn  to  some  extent  have  been  made  in  the  design  and  material. 
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There  an  two  general  methods  of  fastening  the  rods  to  the  eran- 
heads:  by  keys  through  rod,  and  by  thread  and  nut,  or  clamp  ovei 
the  threads.    Both  keys  and  nuts  have  ^ven  conaderable  trouble 


BnaaWalorOultot 


ta.  6    Si'XmoN  showinq  Pdjtom  Water  Outlbt  and  Main  Choss-Heai 
Connection 


Watek  Inlet  to  Pisvon 


and  it  is  hard  to  say  which  is  the  better  type  to  use.  The  clamp  ortf 
a  thread,  or  other  recess,  seems  to  be  preferable,  as  it  does  mrt 
interfere  with  the  passa|;e  of  the  water  from  the  end  of  the  rod. 

The  niiiterial  from  wliich  rods  were  iinit  made  was  nickel  stM 
but  it  was  foiiml-vcry  unreliable  for  this  particular  class  of  mA 
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OpeD-heartb  steel  of  the  following  compoution  was  found  to  be 
■uresBtisfaGtoTy: 

CBibon 0.45  to  0.60 

Manganese 0.45  to  0.60 

PlwqAoniB under  0.04 

Sulphur ; under  0.04 

Slicon 0.10  to  0.20 

^  steel  ifl  heat  treated  and  has  the  following  physical  properties: 
^lOOQ  lb.  per  sq.  in.  elastic  limit;  95,000  lb.  per  eq.  in.  ultimate 
^f^Kigth;  12  pesr  cent  elongation  in  2  in.  No  trouble  has  been  expe- 
"aiced  by  the  wearing  of  piston  rods  made  from  this  material,  on 
*^unt  of  thdr  softness. 


I     I  Wuter  Outlet  A 

Fig.  7    View  showinq  Water  Connection  to  Tail  Rod 

*Tl€  water  is  brought  into  and  taken  out  of  the  ends  of  the  piston 
*^r  there  being  no  holes  through  the  walls  of  the  rods  to  form  places 
"^  Cracks  to  start. 

ui  piston-rod  packing  the  most  important  points  to  be  watched 
^'^  the  fire  rings;  they  should  be  solid  and  there  should  be  a  sufficient 
^mnber  to  reduce  the  explosion  pressure  before  it  reaches  the  pack- 
^  lingB.  It  is  necessary  to  have  sufficient  side  clearance  so  the 
^>^  can  float.    For  this  0.005  in.  is  a  fair  allowance. 

iWe  are  still  muiy  improvements  that  can  be  made  on  the  inlet 
^n  gears  of  all  blast-furnace  gas  engines.     The  essentials  are  as 
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a  A  reaaooable  percentage  of  dirt  in  the  gas  ahould  not  affe 

their  operation. 
b  The  wear  on  all  parts,  cams,  valves,  seats,  etc.,  should  I 

easily  compensated  for  in  their  method  ot  adjustmec: 
c  Ample  surfaces  should  be  allowed  for  all  wearii^  parts, 

prevent  wear  and  distortion  of  the  valve  setting. 
d  The  adjustment  of  each  valve  on  the  engine  should  be 

so  as  to  be  independent  of  the  others. 


[Fiq.  8    SscTioN  or  Qbioinal  Ctlin-         Fia.  9    Sxction  ot  CtloivM 
DEB  Head  Hsad  or  New  Disiair 


«  The  valve  gear  should  also  be  arranged  so  that  the  relative 

ratio  of  the  air  and  gas  ports  can  be  changed  dtber  ix»^ 

vidually  or  collectively  and  very  quickly  to  suit  sudd^o 

changes  in  the  composition  of  the  gas. 

A  great  many  of_the  gears  in  use  fulfil  most  of^these  conditio'^ 

but  none  of  them,  as  far  as  the  speaker  is  aware,  satisfy  the  last,  wb><" 

is  a  most  important  one. 

Of  the  two  general  syBtems  in  use  in  designing  valve  gears,  constB^ 
mixture  and  constant  compression,  the  speaker  found  the  for**'*' 
better  for  all  load  conditions.  The  oil  relay  governor  was  foU** 
most  satisfactory  for  operating  inlet  valves,  on  account  of  tha  Is^l^ 
amount  of  work  to  be  done.  The  exhaust  valves  have  ^veo  f^^ 
little  trouble  and  do  not  have  to  be  ground  in  very  frequently. 
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details  illustrating  further  the  practice  of  the  Edgar  Thomson  Works 
are  shown  in  Figs.  4  to  10. 


Pipe  filed  away  to 
allow  wator  to  enter 
und  pushed  to  top  of 
Valve 


Collar  to  prevent  dirt 
getting  on  Stem 


H  in.  Brass  Pipe 


4  -  H  iu.  Holes 
-   -  -  Water  Outlet 

Fig.  10    Exhaust  Valvbs 


R.  H.  Stevens*  stated  that  at  the  Carrie  Furnaces  they  had  four 
gas-driven  blowers  and  five  gas-electric  units.  After  cleaning,  the 
dust  content  of  the  gas  is  as  low  as  0.003  of  a  grain  per  cu.  ft.  The 
engines  are  running  on  about  110  to  120  cu.  ft.  of  gas  per  i.h.p.,  the 
gas  running  from  85  to  90  b.t.u.  The  gas-electric  engines  have  been 
in  shape  to  operate  95  to  98  per  cent  of  the  time.  The  troubles  have 
been  mainly  with  the  gears  driving  the  lay  shafts,  with  piston  pack- 
ing, rod  packing,  soft  cast-iron  cylinders,  governors  and  inlet  valves, 
but  these  have  been  met  and  overcome  as  they  occurred. 

A.  N.  DiEHL^  said  that  the  blast  furnace  may  be  considered  as 
a  producer  in  which  some  of  the  CO,  produced  near  the  tuyeres,  is 
oxidized  to  CO2.  He  described  in  detail  the  method  of  gas  cleaning 
by  positive  and  repeated  spraying  used  at  the  Duquesne  Works, 
which  gives  a  gas  with  an  average  dust  content  of  0.00902.  The 
gas  after  leaving  the  Theisen  washers  passes  into  the  engines  through 
a  small  gasometer.  The  object  of  this  gasometer  is  to  reduce  the 
pressure  to  about  2  in.  before  delivering  it  to  the  mixing  chambers 
of  the  engines. 

>  Mechanical  Engineer  Homestead  Steel  Works,  Homestead,  Pa. 
*  Superintendent  of  Furnaces,  Duquesne  Steel  Works,  Carne^e  Steel  Co., 
Duquesne,  Pa. 
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He  then  gave  a  description  of  the  engines,  of  which  there  are  two 
power  engines  and  four  blowers,  the  former  driving  2000-kw.  gen- 
erators and  the  latter  are  rated  at  3600  h.p.,  with  cylinders  42  by  60. 
A  forced-feed  lubricating  system  is  used,  operated  by  Richaidson 
oil  pumps.  The  oil  is  forced  into  the  cylinder  and  packiiig  cases. 
The  packing  requires  a  feed  of  one  drop  of  oil  for  every  other  revdu- 
tion  of  the  camshaft,  while  the  feed  of  the  cylinder  requires  one  drop 
every  four  or  five  revolutions  of  the  camshaft.  Six  to  eight  gallons 
of  oil  are  required  per  engine  every  24  hours.  A  governor  of  the 
Lombard  design  controls  the  engine,  the  top  of  which  actuates  a 
small  pilot  valve  admitting  oil,  under  a  pressure  of  from  175  to  200 
lb.  per  sq.  in.  to  a  cylinder,  against  either  one  or  the  other  end  of  the 
piston  or  plunger,  about  3^  in.  in  diameter.  The  governor  controls 
the  mixing  valves  and  its  operation  has  been  very  gratifying.  The 
speed  variation  on  the  power  engines  is  from  1}  to  2  per  cent  from 
no  load  to  full  load,  while  the  variation  on  the  blowers  is  from  6  to 
8  per  cent  under  the  same  conditions. 

The  average  thermal  efiiciency  for  the  last  six  months  of  1910  was 
24.15  per  cent  on  an  average  load  of  1372  kw.,  and  gave  an  average 
B.t.u.  per  i.h.p.  of  10,529.  This  was  only  55  per  cent  of  the  rated 
full  load.  At  84  per  cent  of  the  rated  full  load  the  thermal  efficiencj 
was  30.9,  giving  8244  B.t.u.  per  i.h.p. 

The  engines  are  cleaned  only  about  once  every  two  months,  and 
about  4  or  5  lb.  of  dirt  scraped  off  the  cylinder  and  piston  heads. 
This  dirt  is  a  whitish  deposit  which  seems  to  be  held  in  position  by 
carbonized  oil.     An  analysis  of  it  is  as  follows: 

SiO.. 18.40       MgO I.tt 

Mn,04 2.40        FeiO, 4.71 

AUOa 15.55        Ignition  loss 2,17 

CaO 12.20        Alkalis....; 42Ji 

The  record  of  the  past  six  months  shows  that  the  gas  engines  woe 
reciuired  for  14,580  hr.,  of  which  they  operated  14,395  hr.,  or  88.8 
per  cent,  losing  only  185  hr.,  or  1.2  per  cent.  Of  this  amount  94 
hr.,  40  min.,  is  charged  to  the  blowing  tub  drive,  the  design  of  which 
has  bocin  changed,  leaving  only  90  hr.  and  20  min.  chargeable  against 
the  engines  proper,  or  less  than  J  per  cent  delay.  During  this  time 
also  two  now  engines  have  been  put  into  service,  the  delay  record 
covering  every  sliutdown  after  tlio  engine  is  first  put  under  load.  The 
No.  5  engine,  which  was  started  in  November,  operated  during  that 
month  648  hr.,  with  only  4  hr.  20  min.  delay,  and  this  was  caused  Iv 
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a  hot  cross-head  guide.  The  No.  6  engme,  started  in  March,  oper- 
ated the  balance  of  the  month,  or  526  hr.  without  any  shutdown 
whatever.  Of  the  total  delays  of  185  hr.  before  referred  to,  54  were 
on  the  two  power  engines  and  131  hr.  on  the  three  blowers. 

The  engines  have  been  quite  free  from  premature  fires  and  back- 
firing, except  when  a  variation  in  gas  occurred,  due  to  an  irregular 
furnace  working,  and  other  similar  occasions. 

Alex.  L.  Hoehr^  said  that  many  difficulties  were  encoimtered  in 
starting  the  gas-electric  plant  at  his  works,  due  probably  to  the  fact 
that  their  engines  were  the  first  of  that  size  to  be  turned  out  by  the 
builders.  Many  changes  had  to  be  made,  but  today  and  for  many 
months  past  the  gas  engines  have  operated  as  regularly  as  any  imit 
in  the  plant.  The  load  factor  for  the  seven  months  averaged  81.6 
I>er  cent,  with  a  maximum  of  86.06  per  cent  in  November.  There 
were  six  months  when  no  delays  were  charged  to  the  engine.  The 
speaker  proceeded  to  describe  in  detail  the  gas-cleaning  plant  in 
which  the  gas  mains  from  the  furnaces  are  all  connected  into  one 
system,  and  to  this  system  is  connected  the  main  leading  to  the  gas- 
cleaning  plant  so  that  the  surplus  from  any  or  all  of  the  furnaces  can 
pass  to  the  gas  engines. 

Satisfactory  as  the  service  in  this  case  has  been,  it  does  not  prove 
that  the  gas  engine  is  necessarily  the  best  type  of  prime  mover  for 
such  locations.  At  the  time  these  engines  were  installed,  the  low- 
pressure  turbine  was  only  faintly  visible  on  the  horizon  and  no  ques- 
tion was  raised  as  to  the  advisability  of  installing  the  gas  engine.  At 
the  present  time  the  conditions  are  very  different.  The  turbine  has 
been  developed  imtil  it  is  a  very  efficient  and  reliable  prime  mover, 
and  the  engineer  cannot  ignore  it  in  figuring  on  new  installations. 

Without  being  able  to  present  figures  at  this  time  to  support  his 
position,  the  writer  believed  that  in  the  Pittsburgh  district  under  exist- 
ing conditions  as  to  prices  for  coal,  turbines,  gas  engines  and  labor, 
a  complete  steam  plant  from  gas-fired  boilers  to  low-pressure  turbines 
can  be  installed  and  operated  to  produce  a  given  amount  of  power  for 
less  money  than  would  be  required  through  a  gas-engine  plant.  This 
would  be  due  to  lower  first  cost,  lower  attendance  charges  and  lower 
repair  charges  on  the  steam  plant.  It  is  assumed  that  proper  inter- 
est and  depreciation  charges  are  made  to  both  plants. 

H.  J.  Fbetn  advocated  the  large  gas  engine,  calling  attention  to 

>  Steam  and  Hydraulic  Engineer,  National  Tube  Works,  McKeesport,  Pa. 
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the  fact  that  European  constructors  have  had  the  same  troubles 
that  the  American  gas  engine  users  appear  to  have  now,  but  have 
overcome  them.  Abroad,  cylinders  are  used  48  in.  in  diameter  by 
55  in.  stroke,  these  engines  running  from  80  to  90  r.p.m.;  and  he  had 
himself  seen  a  twin-tandem  double-acting  4-cycle  engine  of  4000  h.p. 
in  operation  with  blast-furnace  gas.  Rods  can  be  designed  strong 
enough  to  withstand  the  strains  to  which  they  are  subjected.  The 
diameter  of  the  rods  in  Germany  is  even  smaller  as  compared  with 
that  of  the  piston  than  in  this  country,  and  he  found  nickel-steel 
rods  there  containing  as  much  as  5  per  cent  nickel.  No  cast-steel 
cylinders  are  used  abroad,  even  in  the  48-in.  diameter  ^ae,  and  there 
are  no  troubles  with  cylinders  cracking.  The  reason  so  far  as  he 
could  judge  is  that  foundry  practice  over  there  is  a  little  bit  different 
and  better  than  here,  including  the  selection  of  the  iron  and  the  method 
of  casting.  It  is  held  over  there  that  while  the  modulus  of  elasticity 
of  steel  castings  is  much  higher  than  of  cast  iron,  the  coefficient  of 
elongation  by  temperature  is  not  much  higher,  so  that  the  product 
of  these  two  values,  which  Professor  Langer  calls  the  "Material- 
Ziffer, "  is  about  four  times  as  high  for  cast  steel  as  for  cast  iron, 
whereas  the  strength  of  the  former  material  is  hardly  three  times  that 
of  the  latter.  The  lower  this  "Material-Ziffer,"  however,  the  better 
the  casting  and  the  less  danger  of  cracking  of  the  cylinder.  The  same 
is  true  of  cast-steel  pistons.  He  had  found  48-in.  cast-iron  pistons 
in  use  abroad  without  cracking.  Mr.  Freyn  believed  that  the  pack- 
ing for  piston  rods  as  designed  in  America  was  superior  because  EXiro- 
pean  packings  are  very  complicated. 

As  to  the  cost  of  installation,  Mr.  Freyn  said  that  while  it  is  unques- 
tionably higher  than  for  the  steam  turbine  or  steam  engine,  the  result 
would  compare  very  favorably  when  taken  in  connection  with  the 
high  commercial  eflBcicney  of  a  gas  engine,  especially  considering  that 
the  price  of  coal  is  bound  to  increase  as  it  has  in  the  past. 

For  ignition  he  would  advocate  an  independent  storage  battery 
for  any  gas  installation  to  insure  reliable  operation.  With  such  an 
installation  there  is  no  possibility  of  the  ignition  system  of  the  whole 
station  failing.  In  connection  \vith  the  question  of  efficiency  he  had 
found  that  the  subject  of  utilization  of  waste  heat  from  gas  engines 
had  made  much  headway  in  Europe.  If  the  heat  from  the  exhaust 
and  the  cooling  water  could  be  recovered,  as  in  fact  is  now  being  done, 
the  amount  of  energy  saved  would  be  considerable.  Tests  on  a 
plant  in  Belgium  showed  that  13  per  cent  could  be  obtained  from 
the  waste  heat  in  the  exhaust  and  cooling  water,  generating  low- 
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pressure  steam  with  this  waste  heat  and  using  it  in  low-pressure 
turbines. 

E.  Fbiedlandeb^  in  comparing  the  different  prime  movers  from  the 
operator's  point  of  view,  said  that  the  present  largest  gas  power 
unit  of  about  3000  k.y.a.  capacity  is  not  large  enough  for  power 
stations  df  any  magnitude.  The  very  large  floor  space  taken  up  by 
these  gas  engines  is  also  a  serious  objection  when  the  cost  of  real 
estate  forces  economy  in  the  size  of  the  buildings. 

The  overload  capacity  of  prime  movers  in  electric  central  stations, 
especially  of  turbines,  is  always  taken  into  consideration  in  figuring 
on  the  station  capacity,  and  plays  an  important  part  in  reducing  the 
cost  of  the  current  generated  on  account  of  the  small  investment 
necessary  for  steam  stations  to  deliver  a  given  maximum  load,  whereas 
an  internal-combustion  engine  may  be  looked  upon  as  not  possessing 
any  overload  capacity  whatsoever.  Again  it  has  been  observed  that 
gas  engines  are  very  slow  in  taking  their  proportionate  amount  of 
load  under  fluctuating  load  conditions,  and  always  lag  behind  the 
other  prime  movers,  especially  turbines.  This  is  partly  caused  by  the 
extra  time  required  to  take  in  the  charge,  compress  and  explode  it. 
A  powerful  relay  governor  should  be  arranged  to  reduce  this  lag  as 
much  as  possible. 

W.  Thinks,  in  a  contributed  discussion,  advocated  higher  piston 
and  rotative  speeds,  and  denied  the  prohibitive  decrease  of  economy 
that  would  result,  insisting  at  the  same  time  on  the  necessity  of 
simplifying  the  engines. 

Jos.  Morgan  called  attention  to  the  importance  of  the  load  factor 
for  the  design  of  a  plant,  and  suggested  even  the  advisability  of  estab- 
lishing a  sort  of  electrical  clearing  house  to  supply  users  of  current 
with  current  produced  as  a  by-product  by  blast-furnace  and  coke- 
oven  plants. 


1  Superintendent  Electrical  Department,  Edgar  Thomson  Steel  Works, 
Carnegie  Steel  Co.,  Braddock,  Pa. 
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STRESSES  IN  TUBES 

SariGATION  SHOWING   THAT    THE   STRESSES   IN   THE 

OF  A    TUBE   EXPOSED   TO    AN    EXTERNAL    FLUID 
'SSURE  ARE  OF  THE  SAME  CHARACTER  AS  THOSE 
IN  A  COLUMN  HAVING  FIXED  ENDS 

Bt  Prof.  Rbid  T.  Stewart,  Ptttsburoh,  Pa. 
Member  of  the  Society 

'  engaged  in  planning  a  series  of  collapsing  tests  on  commer- 
•Welded  steel  tubing,  the  principal  results  of  which  are  recorded 
^ansactions  of  the  Society/  the  writer  made  a  theoretical 
gation  of  the  stresses  in  the  wall  of  a  tube  exposed  to  external 
pressure.  It  was  thought  that  the  results  of  this  theoretical 
gation  would  aid  in  conducting  the  experiments  on  a  more 
fie  basis  and  also  serve  to  simplify  the  working  up  of  results, 
riter  was  led  to  believe  that  an  annulus  near  the  middle  of  a 
be  exposed  to  external  fluid  pressure  is  subjected  to  the  same 
'  stress  that  exists  in  a  colimin  whose  ends  are  fixed  in  direc- 
len  loaded  axially.  The  following  is  a  brief  synopsis  of  this 
Ration,  together  with  a  comparison  of  the  results  obtained 
use  of  these  new  colunm  formulae  with  the  results  of  actual 

columns  and  struts  having  ends  Gxed  in  direction. 
pparent  Theoretical  Stresses  in  the  Wall  of  a  Tvbe  Exposed 
mal  Fluid  Pressure,     Fig.  1  represents  an  annulus,   1  in. 
cated  near  the  middle  of  a  long  tube  that  is  perfectly  circular 
s-section.    Let  p  represent  the  external  fluid  pressure  in  lb. 

in.  and  T  the  resulting  tangential  stress  in  the  wall  due  to 
id  pressure.  Now  if  ha  represents,  in  angular  measure,  an 
snt  of  the  circumference  of  this  annulus,  then  an  increment  of 
»  exposed  to  [the  external  fluid  pressure  will  be  i  dha.    The 

apsing  Pressures  of  Bessemer  Steel  Lap-Welded  Tubes,  Three  to 
Jhes  in  Diameter,  vol.  27,  pp.  730-822. 

nted  at  the  Spring  Meeting,  Pittsburgh  1911,  of  The  Ambrican 
r  07  Mbchanical  Engineers. 
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nomul  pressure  on  this  increment  of  am  vill  be  }pd8a,uidthe  com- 
ponent of  this  pressure  parallel  to  the  line  of  action  of  the  tangential 
stress  J'  will  be  ^  pd  un  aia.      Therefore  the  tangential  streoB 


"-if,  pdaii 


eia-\pd.. 


■W 


Since  the  tube  is  assumed  to  be  perfectly  orcular  in  cross-section  and 
of  iiolf onn  thicknees,  this  formula  shows :  (a)  that  the  circumferential 
stress  in  all  parts  of  any  annulus  of  a  tube  espoeed  to  an  eztcRuI 
fluid  pressure  is  constant;  and  (b)  that  this  constant  circumferenUal 
stress  per  inch  length  of  tube  equals  the  fluid  pressure  in  lb.  per 
sq.  in.  multiplied  by  one-half  the  outside  diameter  in  incbea. 

3    Apparent  Strasea  in  a  Tube  Annuius  Compartd  loiOi  ihott  in  a 
Column  or  Strut.    Fig.  2  shows  one-half  of  a  tube  annulus  with  the 


Fia.  1    AiTNULDB  or  Unit  Lkhoth  a 

THE  MiDDLB  or  A  LONQ 

CincmjiR  Tube 


Pia.  2   Halt  AmraLtie  with  Fizip 


ends  Qxed  in  direction,  the  outside  surface  of  the  half  annulus  b«o( 
exposed  to  a  fluid  pressure.  Evidently  the  laws  above  deduced  (at 
the  complete  annulus  apply  without  modification  to  tbe  half  annulil 
when  its  ends  are  fixed  in  direction,  at  the  same  time  being  free  eithv 
to  recede  or  to  approach  each  other.  All  portions  of  this  half  annuloi, 
then,  are  subjected  to  the  compressive  stress  T  (Formula  1)  irtuck 
acts  circumferentially  in  the  direction  ABC.  Oppoauig  this,  of  counti 
is  tbe  equal  circumferential  stress  Ti,  acting  in  the  direotion  CBA- 
By  straightening  the  half  annulus  (Fig.  2)  so  as  to  bring  A,  B  andC 
into  the  same  straight  line,  the  column  or  strut  shown  in  Hg.  3  *3 
result.  It  is  evident  that  the  forces  T  and  Tj  are  each  rotatwib! 
this  action  through  90  deg.  This  shows  that  the  theoretical  utie— 
in  a  tubular  half  annulus  are  identical  with  those  of  the  column  bi^ 
ing  ends  fixed  in  direction,  when  the  length  of  the  column  equakt^ 
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nxiD  semidrcumference  of  the  anuulus,  the  two,  of  course,  having 
the  Bame  cross-eection, 
i  It  will  become  evident  from  a  comparison  of  Figs.  4  and  5 
tbt  we  should  take  for  the  length  of  a  column  bainng  fixed  ends,  the 
luif  orcumference  of  an  annulus  located  near  the  middle  of  a  long 
tube  exposed  to  an  external  fiuid  preasure.  Fig.  4  shows  the  ideal 
colUpee  section  for  all  the  long  tubes  tested.  It  will  be  observed  that 
the  tangents  to  the  annulus  at  both  the  highest  and  lowest  points 
before  collapse,  as  shown  by  the  dotted  lines,  are  precisely  parallel  to 
the  tangents  at  the  same  points  after  collapse.  In  other  words,  these 
portions  of  the  annulus  while  undergoing  deformation  remfun  fixed 
in  direction.    Comparing  this  with  ¥\g.  5,  which  shows  the  most 


Fio.  3    Stbiti  BiPRBBBNTTiTa  Halt  Atf«xn.va  arsAiaHTBtraD 
FiQ.  4    Idial  CoLiiAFSB  Sbctiok  ros  Long  Tdbeb 
Fia.  5    Most  Phobablb  Manmkb  of  Coluun  Failurx 

probable  manner  of  buckling  of  a  long  column  having  hxed  ends,  it 
*ili  be  Been  that  the  two  are  identical  as  regards  apparent  stresses  for 
^i  conditions  above  stated,  namely,  when  the  annulus  is  perfectly 
'Wular  and  of  uniform  cross-section,  the  length  of  the  column  with 
"^  ends  being  equal  to  the  mean  half  circumference  of  the  annulus. 
5  As  the  tube  annulus  departs  from  the  circular  form,  while 
isiling  under  fluid  collapsing  pressure,  new  stresses  arise  which  have 
■*  Counterpart  in  the  equivalent  column.  An  investigation  has 
Mown  that  these  stresses  are  slight  for  small  departures  from 
"kindness,  so  that  for  commercial  tubing  exposed  to  external  fluid 
f^mm  the  stresses  are  substantially  the  same  as  those  in  an  equiva- 
™-  column  as  illustrated  above. 
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6  The  Autiiar^s  Formula  [B]  far  the  CoOapting  Pnsturea  of  SUd 
Tubes  Reduced  to  an  Equivaleni  Column  Formula.  In  order  th&t  he 
might  be  able  to  test  the  accuracy  of  the  above  theoretical  deduc- 
tions, the  author  has  transformed  his  formula  [B]  for  the  collapsing 
pressures  of  lap-welded  Bessemer  steel  tubes^  so  that  it  may  be  used 
for  calculating  the  crippling  strength  of  columns  or  struts  with  fixed 
ends.    This  transformation  was  effected  as  follows: 

7  Referring  to  Figs.  2  and  3,  which  represent  respectively  a  half 
annulus  of  the  tube  and  its  equivalent  colunm  or  stnit,  it  is  evident 
that  the  length  of  the  equivalent  colunm  will  be 


2  t        Tt 


[ai 


where  d  and  t  represent  respectively  the  outdde  diameter  and  tlw 
thickness  of  the  wall  of  the  tube  in  inches  and  t  the  ratio  of  the 
circumference  to  the  diameter  of  a  circle.  Since  (  »  3.464r,  when 
r  equals  the  radius  of  gyration  of  cross-section  of  the  annulus  and 
of  its  equivalent  columns 


d^       21 
t      3.464  TT 


P  = 


+  1  =  0.1838  -  +  1 


2T 


2tS 
d 


•PI 


where  p  represents  the  external  fluid  pressure  in  lb.  per  sq.  in.,  T  tbe 
total  circumferential  stress  in  the  wall  of  the  annulus  1  in.  loDft 
and  S  the  total  circumferential  stress  per  sq.  in.  of  cross-section, botk 
being  expressed  in  lb.  Also,  t  and  d,  as  before,  represent  respectir^f 
the  thickness  of  the  wall  and  the  outside  diameter  of  the  tube,  IB 
inches.    Formula  [B]j  using  the  same  notation  as  before,  is 


p  =  86,670  ^  -  1386 
a 


m 


By  equating  the  second  members  of  equations  [4]  and  [B]  we  pA 


from  which 


^f  =  86,670  J  -  1386 
a  d 


S  =  43,335  -  693  - 


H 


*  Trans. Am. Soc.M.E.,   vol.   27,   p.   793. 
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By  substituting  the  value  of  —  from  equation  [3]  we  get 

I 


S- 42,642-  127.4- 

r 


IK] 


8  This  is  a  formula  for  the  crippling  strength  of  a  column  with 
fixed  ends,  as  derived  directly  from  formula  [B]  for  the  collapsing 
pressures  of  long  tubes  that  are  exposed  to  external  fluid  pressures. 
In  this  formula,  S  represents  the  axial  load  on  the  colunm  in  lb.  per  sq. 

in.  of  cross-section,  while  —  represents  the  slenderness  ratio,  or  the 

T 

length  of  colunm  divided  by  the  least  radius  of  gyration  of  cross- 
section,  both  being  expressed  in  the  same  linear  unit. 

9  Since  formula  [B]  is  applicable  to  values  of  thickness  divided 

by  outside  diameter  I  jj  greater  than  0.023,  formula  [K]  should  be 

Applicable  to  values  of  length  of  columns  divided  by  least  radius  of 

gyration,  — ,  less  than 
r 


2 


(d-t) 


=  ..732,(J-.).1.732,(„^^3-l)-230 


3.464 


Note  that  formula  [G]^  is  tangent  to  formula  [B]  at  ,  =  0.024,  which 

a 

Pves  a  slenderness  ratio(  -  )  at  point  of  tangency  of  221,  which  latter 

Aould  therefore  be  the  true  limiting  value  of  —  for  formula  [K]  when 

r 

^  in  connection  with  formula  [L]  as  given  below 

10   The  Author* 8  Formula  [G\  for  the  Collapsing  Pressures  of  Steel 

f«i««  RediLced  to  an  Equivalent  Column  Formula.    In  a  manner 

*"^  to  the  above  derivation  of  formula  [K\  the  author's  formula 

IC]  has  been  transformed  into  an  equivalent  formula  for  the  crippling 

strength  of  long  columns  or  struts.    Using  the  same  notation  as  before 

^Bapse  formula  [Cf\  which  is  applicable^  to  values  of  -  less  than  0.023, 

a 

V  -  50,210,000  /-)' [G] 


'T»«Bi.Am.8oc.M.E,,  vol.  27,  p.  795. 
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and  it8  equivalent  column  formula,  derived  in  a  Bimilar  maimer,  u 
S-25,105,000    [ -. -|    16] 


0.1838-^+  1  j 


which  is  applicable  to  values  of    -  greater  than  221,  as  statedabove. 

This  somewhat  complex  formula  is  represented  with  suffident  le- 
ouracy  for  all  practical  purposes  by  the  simple  formula 
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Fia.  6    Plotted  Rbsults  or  thb  Autbok's  Expsbiumtb  oh  CollaMH 
PsBsauKEs  OF  Lap-Welded  Steel  Tdbxb 

where  S  as  before,  represents  the  axial  load  on  the  column  in  lb.  pc 

sq.  in.  of  cross-section,  and     the  length  divided  by  least  imdiui (' 

gyration  of  the  column,  both  being  expressed  in  the  same  linear 
This  formula  applies  only  to  columns  having  both  ends  fixed  in  diiM- 

tion  and  for  values  of      grrattr  than  221. 

11  Venftcation  of  On  Ajillior's  Column  Formviae  [K]  and  Wl 
Com]  nrifion  with  Rexults  -if  Tesln  oti  Colnmna.  In  order  to  sbo»tW 
the  new  column  forrnulai-  given  in  iIum  paper  are  applicable  tocoi^ 
nicTciul  shapes  and  annular  sectluiis  wlien  used  as  columns  with  O^ 
xed  in  direction.  Figs.  G  and  7  were  prepared.      The  only  t«Bt«* 
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commercial  struts  and  columns  with  fixed  ends  known  to  the  writer 
are  those  made  by  James  Christie  on  wrought-iron  struts,'  and  those 
made  at  the  Watertown  Arsenal*  in  1009. 

12    The  average  physical  properties  of  the  iron  in  the  struts  tested 
by  Mr.  Christie  were 

^  ^Tensile strength,  lb.  per  sq.  in 49,000 

f^!*-  Elastic  limit,  lb.  per  sq.  in 32,000 

* "  ?  Elongation  in  8  in.,  per  cent 18 

while  those  of  the  steel  constituting  the  lap-welded  tubes  tested  by 
the  writer  and  at  the  Watertown  Arsenal  were 

Tensile8trength,lb.persq.in 58,000 

Yield  point,  lb.  persq.in 37,000 

Elongation  in  8  in.,  per  cent 22 
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Fio.  7    Plottbd  Rbsults  of  Vabiodb  CoiiHUH  ExemBOMMsm 

wittofht-litiii  ■wgki  nncliic  Imm  4  In. 
Inda. 

vacht-lniii  tolxi  IJT  Mul 


I    tndlato  plotMd  nmlU  of  Cfailitl** 

X  4  Ul  X  I  In-  to  1  tn.  X  1  In.  X  I  IB-,  "Ith  flMd  « 
I    tadloUM  plotUd  nmalta  of  ChrtRla'a  npartmiDta  on  Ui» 

a  BMd  M  eolumnt  vlU  find  [| 


(•)    IndlCBUa  plMMd  iwulU  of  WuartowD  A 


ID  Up-vrfdad  itMl  tnbia,  I  li 


13  These  data  show  that  the  material  of  the  angles  and  tubes 
tested  by  Mr.  Christie  as  compared  with  those  of  the  tubes  tested 
by  the  writer  and  at  the  Watertown  Arsenal  had  average  physical 
properties  less  by  15  per  cent  in  tensile  strength,  13  per  cent  in  elastic 
limit,  and  probably  less  than  10  per  cent  in  modulus  of  elasticity,or 
tj^dity  factor.    It  should  be  remembered  white  comparing  the  results 

*  Traiu.Ain.8ocC.E.,    1884,    p.  117. 

■  ProoMdiDp,  Aiiierio4ii  Society  for  Testing  Materiala,  1909,  p.  413. 
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of  these  experiments,  that  these  differences  in  the  physical  properties 
of  the  materials,  which  it  will  be  noticed  are  comparatively  small, 
will  be  more  or  less  offset  for  two  reasons:  (a)  the  tubular  annulus 
at  the  point  of  failure  varies  somewhat  more  from  being  truly  circular 
than  does  the  strut  from  being  truly  straight;  and  (6)  there  is  a  small 
bending  moment  on  the  wall  of  the  tubular  annulus  directly  due  to 
the  action  of  the  external  fluid  pressure  on  an  annulus  that  is  slightly 
out  of  round,  for  which  there  is  no  counterpart  in  the  equivalent 
column. 

14  Fig.  6  represents  the  plotted  values  of  the  results  of  the  writer's 
experiments  on  the  collapsing  pressures  of  lap-welded  steel  tubes. 
These  results  are  plotted  to  a  horizontal  scale  representing  the  equiva- 
lent slendemess  ratio  of  the  semi-tubular  annulus  considered  as  being 
under  the  same  conditions  of  stress  as  a  column  mth  ends  fixed  m 
direction  (Figs.  2,  3  and  4).    Since  the  mean  semicircumference  of 

the  tube  annulus  equals  ^  (d'-t)  and  the  radius  of  gyration  of  the  sec- 

tion   equals  0.28%  this  slendemess  ratio  ¥all  be  -   =»  --^r-.^;^--. 

r  0.289< 

The  vertical  scale  represents  the  apparent  tangential  stress  T  (Fig.  2), 
under  which  the  tubular  annulus  actually  failed. 

15  Fig.  6  represents  the  plotted  values  of  the  group  averages  of 
Series  2  of  the  author's  experiments  on  the  collapsing  pressures  of 
lap-welded  steel  tubes,  3  to  12|  in.  outside  diameter.^  The  straight 
portion  of  the  line  represents  the  writer's  column  formula  [K\  plotted 
to  the  same  scales,  while  the  curved  portion  similarly  represents 
column  formula  [L]. 

16  Fig.  7  represents  the  plotted  values  of  all  results  of  tests  os 
commercial  struts  and  columns  with  ends  fixed  in  direction  knowD 
to  the  writer.  It  should  be  noted  here  that  practically  all  tests  of 
commercial  columns  and  struts  have  been  made  with  flat,  pin,  or 
round  ends;  and  therefore  do  not  represent  the  conditions  involved 
in  this  comparison. 

^  Trans.  Am.Soc.M.E.,  vol.  27,  pp.  787-802. 
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THE  PURCHASE  OF  COAL 

By  Dwioht  T.  Randall,  Boston,  Mass. 
Member  of  the  Society 

Most  boiler  rooms  are  now  conducted  in  a  manner  which  permits 
of  considerable  saving  along  two  lines:  (a)  the  selection  of  a  coal 
^ch  is  suited  to  the  plant  and  at  the  same  time  is  capable  of 
ddivering  the  greatest  amount  of  heat  to  the  boiler  for  a  unit  of  cost; 
(I)  burning  the  coal  by  approved  methods  to  obtain  the  highest 
practical  efficiency. 

2  The  coals  which  are  offered  in  almost  any  market  vary  in  price 
and  in  quality  to  an  extent  which  justifies  a  careful  study  of  their 
character  and  heating  value  in  order  to  determine  which  coal  will 
prove  most  economical  when  the  equipment,  the  load  conditions  and 
the  price  are  considered.  A  coal  which  is  entirely  satisfactory  in  one 
plant  may  be  unsuited  to  another.  It  is  possible  to  burn  almost  any 
fuel  with  reasonably  good  efficiency  provided  the  furnace  is  properly 
designed  for  the  particular  fuel  to  be  burned. 

3  Coals  which  are  suitable  for  any  given  equipment  depend  for 
^eir  value  principally  upon  the  B.t.u.  and  the  size  of  the  coal.  The 
B.t.u.  or  heating  value  of  coals  of  any  given  type  determine  directly 
fteir  value  as  fuels.  When  coals  of  the  same  character  are  under  con- 
sideration the  heating  value  may  be  considered  as  a  correct  measure 
of  the  value  of  the  coal.  When  coals  of  different  characters  are  to 
be  compared,  the  character  of  the  coal  as  well  as  heating  value  must 
he  considered. 

RELATION  OF  QUALITY  TO  RESULTS 

^  The  influence  of  the  volatile  matter  on  the  efficiency  depends  on 
^he  dedgn  of  the  furnace.  With  a  poor  furnace  and  indifferent  firing 
^he  coals  containing  about  18  per  cent  volatile  matter  may  give  re- 

^^  abstract  form.    Presented  at  the  Spring  Meeting,  Pittsburgh   1911,   of 
^  American  Society  of  Mechanical  Engineers.    The   complete  paper 
appears  in  The  Journal,  March  1911,  and  the  discussion,  September  1911. 
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suits  10  or  12  per  cent  higher  than  coals  contaimng  30  per  cent  or 
more  volatile  matter.  With  furnaces  adapted  to  the  kind  of  coal 
burned  there  is  but  little  loss  of  combustible  gas. 

5  The  ash  in  the  coal  affects  the  heating  value  to  some  extent 
as  there  is  a  loss  of  both  time  and  heat  while  the  fires  are  being  cleaned 
and  the  presence  of  large  quantities  of  ash  interferes  with  the  proper 
distribution  of  air  through  the  fuel  and  may  lower  the  eflSiciency. 

6  The  moisture  not  only  requires  heat  to  evaporate  it  into  steanii 
but  if  the  coal  is  very  wet  and  is  fired  in  large  quantities,  it  may  cool 
the  bed  of  fire  and  cause  an  additional  loss  of  unbumed  gas. 

7  The  size  of  coal  is  important  in  many  cases.  If  the  coal  does 
not  coke  and  is  fine,  there  may  be  a  large  loss  of  fuel  through  the  grates 
when  burned  on  inclined  grate  stokers  or  on  hand-fired  grates  at  rates 
that  require  frequent  breaking  up  of  the  fuel  bed.  The  ace  of  the 
coal  also  affects  the  economy  with  which  it  may  be  fired.  If  coal  is 
too  large  more  air  is  admitted  than  is  necessary  to  bum  it  proper^ 
and  if  the  fuel  bed  can  not  be  increased  in  thickness  to  overcome  this 
difficulty,  there  will  be  a  large  heat  loss.  If  the  coal  is  fine  and  the 
draft  is  very  strong,  some  of  it  will  be  carried  off  the  grate  only  paz^ 
tially  burned.  This  is  frequently  the  case  when  the  coals  are  fine  and 
light  and  the  boilers  are  forced. 

8  Fine  coal  which  cakes  and  forms  a  porous  coke  may  be  burned 
with  good  efficiency.  If  the  coal  does  not  coke  but  packs  closely  on 
the  fuel  bed,  it  is  difficult,  if  not  impossible,  to  secure  a  uniform  air 
supply  at  all  parts  of  the  bed  and  the  combustion  is  poor  owing  to 
an  excess  of  air  at  some  points  and  a  lack  of  air  at  others. 

9  Fuels  considered  without  reference  to  any  particular  equipmoxt 
may  be  valued  on  the  basis  of  their  available  heating  value.  It  has 
been  found  possible  to  design  furnaces  to  burn  almost  any  fuel  with 
reasonably  good  efficiency  when  based  upon  the  available  heat  of  the 
fuel.  This  has  been  accomplished  with  tan  bark,  sawdust,  lignite 
and  low  grade  coals.  As  a  rule  inferior  coals  can  be  bought  much 
more  cheaply  on  their  heating  value  than  the  higher  grades  of  oosi 
and  it  is  to  the  interest  of  every  consumer  to  select  the  coal  which 
will  give  the  greatest  amount  of  heat  from  a  unit  cost,  provided  it 
can  be  burned  successfully  in  his  plant.  In  many  cases  it  will  be 
profitable  to  change  the  equipment  so  as  to  burn  slack  coal  or  ooib 
which  are  below  the  average  quality.  It  is  fully  as  important  to  take 
into  account  the  size  and  character  of  coal  when  automatic  stokeis 
are  in  use  as  when  the  coal  is  hand-fired. 

10  The  same  intelligonocj  f;hould  bij  used  in  selecting  coal  fors 
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given  use  as  is  required  in  selecting  steels  for  manufacturing  purposes. 
Some  of  the  most  progressive  users  have  been  aware  that  there  was  a 
ooDfflderable  difference  in  the  quality  of  the  coals  used  in  their  plants 
and  have  generally  decided  that  the  chemical  analysis,  with  deter- 
minations for  heating  value,  is  the  best  basis  on  which  to  establish 
a  standard. 

11  The  methods  employed  in  burning  the  coal  are  of  equal  impor- 
tance with  the  quality  and  should  be  given  careful  attention.  The 
coal  dealer  should  not  be  held  responsible  for  results  in  boiler  plants 
except  as  influenced  by  changes  in  the  quality  of  the  coal  delivered. 
A  coal  which  is  suited  to  one  plant  may  not  burn  well  in  another, 
owing  to  differences  in  equipment,  load  condition  or  to  the  methods 
of  handling  the  fires. 

12  The  advantages  of  knowing  accurately  the  quality  of  coal  which 
is  bemg  burned  in  a  power  plant  and  whether  any  changes  in  the  coal 
consumption  are  due  to  the  coal  or  to  the  method  of  operating  the 
plant,  have  led  a  number  of  managers  to  make  analyses  of  all  the  coal 
deGvered  to  their  plants.  After  following  the  deliveries  in  this  way 
f(ff  a  year  or  more,  these  men  have  as  a  rule  decided  to  place  their 
C(mtracts  mth  the  imderstanding  that  if  the  coal  delivered  can  be 
prepared  so  as  to  eliminate  more  of  the  impiu-ities,  they  will  pay  a 
higher  price,  and  if  the  coal  is  below  quality  they  will  deduct  from  the 
regular  price  in  accordance  with  the  quality  of  the  coal. 

13  Immediately  on  considering  the  purchase  of  coal  on  a  guaran- 
teed analysis  the  question  as  to  how  the  sample  shall  be  taken  and 
by  whom  it  shall  be  analyzed  is  raised.  The  method  of  taking  a 
sample  of  coal  is  fully  as  important  as  the  manner  in  which  it  shall 
be  analyzed  and  the  cause  of  doubt  as  to  the  value  of  coal  analyses 
bas  been  largely  due  to  ignorance  or  carelessness  in  taking  samples 
for  analysis.  It  is  only  fair  to  both  parties  concerned  that  the  sample 
should  be  taken  in  the  manner  which  will  secure  a  small  portion 
which  is  thoroughly  representative  of  the  entire  lot.  A  method  has 
been  quite  generally  adopted  and  experience  has  shown  that  when 
two  samples  are  taken  in  accordance  with  these  approved  methods 
^e  results  are  within  reasonable  limits  of  accuracy. 

METHODS  OF  SAMPLING 

W  The  following  method  of  obtaining  a  sample  of  coal  has  been 
^  by  a  number  of  different  firms  and  has  been  found  satisfactory. 
^6  main  object  in  taking  a  sample  of  coal  is  to  secure  a  small  por- 
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tion  of  the  coal  which  represents  as  nearly  as  possible  the  entire  ship- 
ment or  deliver}'. 

1 5  The  original  sample  should  preferably  be  collected  in  a  large 
receptacle  with  cover  attached,  by  taking  small  shovelfuls  from  many 
parts  of  the  car,  barge  or  vessel  as  it  is  being  miloaded»  or  from  as 
nearly  all  parts  of  a  pile  as  possible,  care  being  taken  in  all  cases  to 
secure  practically  the  same  amounts  from  the  top,  middle  and  bot- 
tom of  the  coal.  The  original  sample  thus  taken  should  amount  to 
500  lb.  or  more,  preferably  1000  lb.  to  2000  lb.  A  separate  sample 
should  be  taken  from  each  1000  tons  or  less  delivered.  The  gross  sample 
thus  collected  should  contain  the  same  proportion  of  lump  and  fine 
coal  as  exists  in  the  whole  shipment.  It  should  be  protected  from 
the  weather  in  order  to  avoid  gain  or  loss  in  moisture  and  should  be 
immediately  quartered  down  to  a  smaller  samplci  according  to  the 
following  method: 

1<)  The  large  lumps  of  coal  and  impurities  should  be  broken  down 
on  a  clean,  hard,  dry  floor  with  a  suitable  maul  or  sledge.  The  coal 
should  be  thoroughly  mixed  by  shoveling  it  over  and  over  and  formed 
in  a  conical  pile.  The  pile  should  then  be  quartered,  using  a  ahord 
or  board  to  separate  the  four  quarters.  Two  opposite  quarters  should 
then  be  rejected  and  the  remaining  two  broken  down  to  a  smaller 
size,  mixed  and  re-formed  in  a  conical  pile  and  quartered  as  befne. 
This  process  should  be  continued  until  the  lumps  are  \  in.  in  sise  or 
smaller  and  a  one  or  two-quart  final  sample  remains.  AU  of  this 
final  sample  should  immediately  be  placed  in  one  or  more  glaa 
or  metal  cans  and  sealed  air  tight.  The  following  table  gives  the 
largest  sizes  allowable  in  the  samples  of  various  weights  and  the 
coal  should  preferably  be  broken  into  still  smaller  sixes  before 
quartering: 

Weight  of  Sample  Should  Pass  Through 

1000  lb.  or  over li-in.  sieve 

500  lb.  or  over li-in.  sieve 

250  lb.  or  over 1  -in.  sieve 

1 25  lb.  or  over f-in.  sieve 

GO  lb.  or  over |-in.  sieve 

10  lb.  or  over J-in.  sieve 

17  The  .sample  should  be  workinl  down  as  rapidly  as  possible  to 
avoid  loss  of  moisture  throujuh  exposure  to  the  air.  The  outside  of 
the  ran  should  be  plainly  marked  and  a  corresponding  descripUoD 
placed  inside  the  can. 
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18  The  following  data  should  accompany  the  sample: 

Coal  delivered  to 

Sampled  by Date 

Amount  taken  for  original  sample 

Amount  of  coal  sample  represents 

Sampled  from  barge,  car  or  pile 

Car  (initial  and  number) 

Barge  or  vessel 

Trade  name  of  coal 

Grade  (f,  slack,  nut,  run  of  mine,  etc.) 

Remarks  (appearance  of  coal,  lumps,  slate,  sulphur  balls,  weather  conditions, 

etc.) 

Sold  by Mined  by 

County State Mine 

19  It  is  diflScult  to  make  the  average  man  understand  the  impor- 
tance of  the  sample  and  the  influence  of  the  method  of  sampling  on 
the  results.  The  methods  and  care  used  in  breaking,  down  and  quar- 
tering the  sample  are  very  important.  By  the  use  of  careful  methods, 
however,  it  is  generally  agreed  that  a  sample  of  coal,  taken  by  an 
approved  method  and  analyzed  by  an  experienced  coal  chemist, 
should  show  results  which,  when  compared  with  the  true  values,  are 
within  the  following  limits: 

Moisture 1 .00  per  cent  of  the  coal  as  delivered 

Ash  +  or  — 0.50  per  cent  of  the  dry  coal 

Sulphur  +  or  — 0. 10  per  cent  of  the  dry  coal 

B.t.u.  -f  or  — 1 .00  per  cent  of  the  dry  coal 

20  When  samples  are  taken  in  a  proper  manner,  the  results  will 
be  sufficiently  accurate  for  all  commercial  purposes  and  are  within 
the  limits  which  are  found  in  the  comparatively  simple  operation  of 
determining  the  weights  of  the  coal  shipped.  It  is  hardly  worth 
while  to  adopt  more  costly  methods  of  sampling  coal  in  order  to  seciire 
a  greater  accuracy,  until  the  methods  of  weighing  coal  are  improved 
and  the  accuracy  of  the  weights  guaranteed  within  less  than  1  per 
eent. 

THB  SELECTION  OF  COAL 

21  The  problems  of  purchasing  a  supply  of  fuel  for  any  given 
plant,  so  as  to  obtain  a  coal  that  is  suitable  for  the  equipment  in  use 
and  one  that  will  deliver  the  greatest  amount  of  heat  to  the  boiler 
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for  each  dollar  expended,  is  one  which  requires  experience 
intimate  knowledge  of  various  kinds  of  equipment  for  bumi 
and  also  of  the  different  characteristics  of  the  coals  available  ai 
able  freight  rates. 

22  The  following  information  should  be  considered  by  t 
neer  in  deciding  on  the  best  coal  for  a  plant: 

a  Kind  and  size  of  boilers  and  furnaces 

b  Load  conditions,  average  and  maximum  loads 

c  Draft  available  and  how  controlled 

d  Character  of  the  coals  offered  or  available 

(1)  Moisture  and  its  effect  on  weight  of  com 
matter  delivered 

(2)  Volatile  matter  and  its  relation  to  kind  of 

(3)  Ash:  its  amount  and  its  fusibility  and  tenc 
clinker 

(4)  Sulphur:  the  amount  and  how  combined 

(5)  Heating  value  in  B.t.u. 

(6)  Coking  qualities  of  the  coal 
e  Size  of  the  coal 

(1)  Relation  of  the  size  of  coal  to  the  equipmei 

SPECIFICATIONS  FOR  COAL 

23  After  it  has  been  decided  what  kind  of  coals  may  be 
successfully  in  any  given  plant,  it  is  important  that  the  specij 
be  so  drawn  that  it  will  be  to  the  interest  of  the  dealer  to  del 
kind  of  coal  which  has  been  established  as  standard  in  his  ] 
and  prevent  the  substitution  of  lower  grades  of  coal  which  n 
difficult  to  burn  with  good  results.  It  is  evident  that  a  spec: 
based  on  heating  value  alone  will  not  do  this  and  that  then 
be  some  clause  making  it  possible  to  reject  the  coal,  or  to  bur 
pay  for  it  at  a  reduction  in  price  greater  than  that  due  to  B.t. 

24  There  has  been  a  great  deal  said  for  and  against  the 
purchasing  coal  on  a  guaranteed  analysis  and,  as  is  often  t! 
both  sides  are  right  but  they  are  really  discussing  different  t) 

25  A  properly  drawn  specification  protects  the  dealer 
prepared  to  furnish  good  coal  in  competition  with  dealers  h 
inferior  coals  at  the  same  price.  Wliere  these  specifications 
the  coal  contractor  to  state  the  analysis  of  his  coal  which  or 
tance  of  the  bid  hecoines  the  standard  for  the  contract,  there 
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but  little  variation  in  the  price  if  the  dealer  is  familiar  with  the  analy- 
sis of  the  coal  offered,  and  if  the  standard  is  based  on  average  values 
the  premiums  and  penalties  for  the  year  should  practically  balance 
each  other.  Many  dealers  have  bid  on  impossible  analyses  and  then 
blamed  the  specification  plan  for  their  losses. 

26  A  properly  drawn  specification  providing  for  premiums  for 
better  coal  than  that  specified,  encourages  the  coal  operators  to  exer- 
cise greater  care  in  mining  and  in  picking  the  coal  before  shipping,  and 
enables  them  to  secure  a  return  on  the  cost  of  such  preparation.  Most 
consumers  have  found  that  it  is  not  profitable  to  pay  freight  on  an 
unnecessary  amount  of  slate  and  ash  in  the  coal. 

27  The  important  items  in  a  specification  are  as  follows : 

a  A  statement  of  the  amount  and  character  of  the  coal  desired. 

b  A  statement  regarding  the  conditions  for  delivery  of  coal. 

c  A  statement  regarding  the  disposition  which  will  be  made  of 
the  coal  in  case  it  is  outside  the  limits  specified. 

d  A  statement  regarding  the  corrections  in  price  for  variations 
in  heating  value,  for  variations  in  ash  and  for  variations 
in  sulphur,  provided  it  is  found  advisable  to  limit  the  per- 
centages of  ash  and  sulphur  in  the  coal  to  be  delivered. 

e  A  blank  form  on  which  the  dealer  may  submit  price  and  the 
kind  and  quality  of  coal  which  he  proposes  to  furnish. 

28  There  are  several  forms  which  have  been  prepared  along  these 
lines  which  have  proved  satisfactory.  It  is  necessary  in  almost  every 
case  to  modify  the  specifications  to  fit  the  special  conditions  in  the 
plant  and  the  fuels  which  are  available. 

29  In  the  past  many  dealers  not  familiar  with  the  quality  of  the 
ooals  have  bid  on  contracts  and  guaranteed  a  quality  of  coal  that  was 
better  than  can  be  delivered  from  any  mine  in  the  United  States. 
Naturally  these  analyses  that  had  been  useful  as  exhibits  were  found 
to  be  poor  standards  on  which  to  base  the  guarantees  of  coal  to  be 
delivered.  Many  progressive  dealers  have  recognized  the  reasonable- 
ness of  the  demand  for  a  standard  for  quality  of  the  coal  to  be  deliv- 
ered and  they  are  selling  coal  on  a  basis  which  secures  for  them  the 
average  price  they  expect  to  get  for  the  coal. 

30  The  importance  of  testing  coal  purchased  under  contract  may 
be  illustrated  by  two  recent  cases.  In  Case  1  the  coal  was  guaranteed 
to  be  Georges  Creek  and  in  Case  2  to  be  New  River  (Table  1). 

31  Neither  of  the  parties  in  the  above  cases  had  made  a  practice 
of  having  the  coal  which  was  delivered  at  their  plants,  sampled  and 
analyzed.    In  such  cases  the  blame  for  paying  a  good  price  for  a  poor 
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coal  rests  with  the  purchaser.    The  dealer  probably  knew  as  little 
about  the  quality  as  the  man  who  paid  for  it. 

32  The  plan  of  purchasing  coal  on  a  specification  based  on  a  guar- 
anteed analysis  may  or  may  not  be  a  good  one,  depending  on  dr- 
cumstances.  It  has  proved  satisfactory  in  nearly  every  case  when  the 
specifications  were  so  drawn  as  to  protect  the  buyer  agunst  substi- 
tution of  other  coals  and  at  the  same  time  was  perfectly  fair  to  both 
the  buyer  and  to  the  seller.    Such  specifications  actually  protect  the 

TABLE  1  DATA  OF  COAL  PURCHASED  UNDER  CONTRACT 


CabbI 


CamI 


'I 


Guaranteod  ^    ,  I  Guaranteed              _    , 

A     I     .  Coal  I.  .     ,  _.                     CmI 

Analysis  aa  _  ,.         .  Analysis  as  _  ,. 

Delivered  '^"«'«*  t      DdlVUd  °*™«' 


'I 

AshiDdryooal 8.00  12.06  i  6.00  8.48 

B.t.u.  In  dry  coal 14.250  13.558  !;  14.700  13,981 

I 

dealer  against  unfair  competition  as  has  been  shown  in  many  cases. 
This  plan  will  not  be  satisfactory  if  the  specification  is  carelessly 
drawn  and  the  coal  is  selected  on  the  basis  of  price  mthout  regard  to 
its  adaptability  to  the  furnaces;  nor  will  it  prove  satisfactory  if  the 
sampling  is  done  by  ignorant  or  careless  men  and  the  analysis  made  in 
poorly  equipped  laboratories  by  inexperienced  chemists.  Whether 
it  will  be  advisable  to  purchase  for  a  plant  on  this  basis  depends  on 
the  amount  of  coal  used,  the  amount  delivered  at  one  time,  the  kinds 
of  coal  available  and  whether  the  purchaser  and  the  dealers  are  quali- 
fied by  a  knowledge  of  the  available  coals  to  enter  into  a  contract  on 
this  plan. 

DISCUSSION 

C.  W.  Rice,  speaking  as  a  member  of  the  Committee  of  the  Society 
on  the  Conservation  of  Natural  Resources,  said  he  desired  to  em- 
phasize, without  in  any  way  conflicting  with  the 'idea  of  this  paper, 
the  importance  of  designing  plants  to  use  low-grade  fuels.  The  toid- 
ency  of  the  paper  is  to  direct  purchasers  to  be  particular  with  the 
coal  dealer,  with  the  result  that  in  the  effort  to  meet  specificatiooa 
only  14,.")00  B.t.u.  coal  is  furnished,  and  there  is  no  market  fw  the 
low-grade  material.  Hand  in  hand  with  the  idea  of  purchamig  coel 
on  the  heat  unit  basis  should  go  the  designing  of  the  plants  to  ft 
market  conditions,  taking  advantage  of  the  fact  that  the  coals  d 
slightly  less  B.t.u.  than  the  best  are  materially  less    expensive. 
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Elngineers  dealing  with  the  forces  of  nature  have  a  duty  to  direct  their 
work  along  the  lines  of  conservation,  an  idea  inclusive  of  the  efficiency 
of  those  forces. 

Charles  Whiting  Bakeb  emphasized  the  points  brought  out  by 
Mr.  Rice  and  called  attention  to  the  fact  that  in  the  East  a  number 
of  plants  are  successfully  burning  a  very  low  grade  of  fuel,  which  it 
would  be  impossible  to  bum  by  ordinary  methods,  through  the  use 
of  the  steam  jet  blower.  While  the  use  of  the  steam  jet  may  be  crit- 
icized from  a  thermodynamic  point  of  view,  its  advantage  lies  in  the 
fact  that  it  keeps  the  fuel  bed  cool  enough  to  prevent  trouble  with 
clinkering. 

R.  C.  Cabpenteb  held  that  the  ideas  just  expressed  did  not  con- 
stitute an  argument  against  the  necessity  for  testing  coal  or  for  pur- 
chasing coal  by  analysis.  He  had  lived  for  a  number  of  years  in  the 
district  bordering  the  anthracite  coal  region,  where  it  was  necessary 
to  bum  the  small  grades  of  anthracite  that  were  in  little  demand  for 
general  purposes,  and  he  was  very  familiar  with  the  methods  employed 
in  burning  this  low-grade  fuel.  The  material  contains  large  quan- 
tities of  slate  for  which  thousands  of  dollars  are  spent  annually,  and 
the  loss  in  this  respect  can  be  stopped  only  by  the  purchase  of  coal 
on  analysis.  He  believed  the  paper  to  be  just  as  valuable  from  the 
standpoint  of  the  utilization  of  poor  fuel  as  from  that  of  the  pur- 
chase of  the  more  valuable  kinds. 

W.  F.  M.  Goss  agreed  with  this  point  of  view,  and  believed  that 
the  coal  producer  must  take  more  responsibility  for  the  suitable 
preparation  of  his  coal  before  delivering  it  to  the  consumer.  The 
poor  coal  should,  of  course,  be  mined  and  used,  thereby  carrying  out 
the  policy  of  conservation,  but  before  the  delivery  of  this  material, 
the  operator  should  be  encouraged  by  the  development  of  markets 
which  will  take  a  superior  fuel,  to  improve  its  quality  by  washing, 
aorting,  and  even  by  briquetting. 

E.  D.  Mbisr  stated  that  he  was  a  firm  believer  in  the  analysis  of 
ooal,  and  the  practice  of  basing  the  purchase  price  on  the  analysis, 
provided,  however,  that  this  policy  be  applied  only  to  a  particular 
district.  Analyses  cannot  justly  be  applied  to  comparison  of  coals 
from  different  districts  because  other  things  besides  the  chemical 
eomposition  of  the  coal  must  be  considered.  For  instance,  a  certain 
I  coal  in  Illinois  contained  as  an  impurity  a  bituminous  shale  which 


I 
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carried  75  per  cent  ash,  and  although  this  coal  may  have  oomiMied 
favorably  with  other  coals  on  a  B.t.u.  basis,  this  was  not  a  true  com- 
parison, because  the  shale  fused  and  choked  the  fire,  making  it  neces- 
sary to  clean  the  grates  very  frequently.  Agidn,  coal  from  a  certain 
Indiana  mine  high  in  B.t.u.  gave  poorer  results  in  boiler  fumacee 
than  coal  from  other  districts  lower  in  B.t.u.  because  it  was  extremely 
friable,  causing  much  loss  by  dropping  through  the  grates. 

E.  W.  RxTTHBBFOBD  wrotc  that  two  contracts  for  ooal  purchased 
on  specifications  had  [recently  come  to  his  attention  which  he 
thought  might  be  of  interest  in  this  connection.  Two  diff^ent 
dealers  guaranteed  the  same  B.t.u.  and  fiunished  coal  of  the  same 
trade  name.  While  these  contracts  have  not  terminatedi  practically 
all  of  the  coal  due  has  been  delivered.  The  analyses  show  that 
one  dealer  will  receive  a  bonus  of  from  $0.01  to  $0.02  per  ton  and 
that  the  other  dealer  will  be  penalized  about  $0.10  per  ton,  the  two 
contracts  showing  a  difference  in  value  of  $0.11  or  $0.12  per  ton, 
or  about  3  per  cent.  Since  approximately  20  samples  were  taken 
in  each  case  by  experienced  men,  there  should  be  no  appreciable 
difference  due  to  sampling. 

Undoubtedly,  in  some  cases  more  than  3  per  cent  differenoe  emto 
in  the  full  value  of  coals  sold  under  the  same  trade  name  when  ptu<- 
chased  on  the  heat  unit  basis.  This  leads  to  the  question  how  mueh 
more,  if  any,  it  is  necessary  to  pay  for  coal  purchased  on  the  heat 
unit  basis  than  for  coal  purchased  in  the  ordinary  way.  If  the  plant 
is  favorably  located  the  cost  per  ton  should  not  be  increased,  becaiue 
the  specifications  should  protect  the  dealer  as  well  as  the  purchaser, 
as  pointed  out  by  Mr.  Randall  in  Par.  25.  The  "as  received"  bass 
is  occasionally  objected  to  by  the  dealer  and  does  not  seem  fair  in  all 
cases,  as,  for  example,  in  all-rail  shipments,  but  is  undoubtedly  pre- 
ferable to  the  dry  basis  when  the  coal  can  readily  be  sampled  at  the 
loading  and  weighing  point. 

If  the  author  can  give  us  any  further  information  on  these  pointi^ 
it  will  be  appreciated. 

Pebry  Barkeb,  representing  Mr.  Randall,  said  in  reply  to  Mr. 
Rice's  criticism  of  the  paper,  that  if  the  plant  can  be  so  designad 
and  the  fuel  is  so  available  that  a  low  grade  can  be  used,  it  will  be 
profitable  to  change  the  equipment  to  suit  low-grade  fuels.  Hot* 
ever,  the  variation  in  this  coal  is  such  that  it  is  not  profitable  bt 
the  average  plant  to  attempt  to  bum  it  without  special  attentioa. 
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He  cited  as  an  example  the  small  size  of  anthracite  which  comes 
to  the  New  England  market,  ranging  all  the  way  from  14  to  24  per 
cent  of  ash.  It  would  be  conserving  some  of  our  natural  resources 
if  that  24  per  cent  of  ash  could  be  burned  at  all  e£BicientIy.  If 
the  ash  be  kept  down  to  18  per  cent,  probably  the  coal  is  a  good  prop- 
osition in  a  plant,  either  burned  alone  or  mixed  with  a  certain  por- 
tion of  good  grade  of  bituminous  coal,  but  if  it  comes  to  the  market 
with  from  14  to  25  per  cent  of  ash  there  should  surely  be  some 
correction  for  this  variation  in  quality. 

In  reply  to  Mr.  Baker's  suggestion  that  the  steam  jet  be  used  in 
burning  low-grade  fuel,  Mr.  Barker  said  that  if  it  is  in  the  hands  of 
an  experienced  operator,  it  is  a  very  e£Bicient  piece  of  apparatus,  by 
the  use  of  which  a  small  size  of  anthracite  may  be  burned.  He  had 
found  a  number  of  cases  where  the  steam  jet  was  a  very  dangerous 
thing  in  a  power  plant  on  account  of  the  improper  regulation. 

Professor  Carpenter  had  touched  on  the  question  of  the  variation 
of  ash  in  small  sizes  of  hard  coal  which  are  marketed.  It  is  rea- 
sonable to  suppose  that  some  penalty  should  be  inflicted  if  a  large 
percentage  of  ash  is  going  to  be  delivered  in  coal. 

Professor  Goss  had  spoken  in  regard  to  the  improvement  of  the 
product  along  the  lines  of  preparation.  The  seller  who  will  take 
care  to  pick  or  wash  his  coal  properly  will  receive  compensation 
accordingly.  A  mine  in  Pennsylvania  ran  about  IJ  to  2J  per  cent 
higher  in  ash  than  an  adjacent  mine,  due  to  a  change  in  the  nature 
of  the  seam.  The  quality  of  the  miners'  work  compared  favorably 
with  their  neighbors',  and  in  order  to  reduce  their  ash,  a  picking 
table  was  put  in  and  improved  methods  of  mining  were  introduced, 
80  that  they  reduced  their  ash  2  to  3  per  cent,  which  put  them  on 
the  same  basis  as  their  neighbors  and  on  whatever  coal  they  were 
selling  on  specifications  they  were  obtaining  compensation  accord- 
ingly. 

IVesident  Meier's  remarks  in  regard  to  the  analyses  of  fuels  are 

along  the  line  of  notations  in  the  paper  in  regard  to  the  character  of 
the  coal,  which  may  show  the  same  heat  value  and  the  same  per- 
centage of  ash  and  of  volatile  matter,  but  the  nature  of  this  last  should 
l>e  considered  as  well  as  the  amount.  Several  coals  may  also  contain 
tfche  same  percentage  of  ash  but  the  relative  proportions  of  bases  and 
luuds  which  compose  the  ash  in  these  different  coals  will  govern  the 
'tendency  to  produce  fusion  or  clinker. 

Replying  to  Mr.  Rutherford's  question  in  regard  to  the  amount  of 
^e  difference  in  quality  of  coals  sold  under  the  same  general  trade 
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name,  the  figures  submitted  in  Table  1,  together  with  some  ad< 
tional  data,  Table  2,  may  be  cited  as  evidence  of  the  extent  of 
difference. 

It  will  be  noted  from  Table  2,  that  the  quality  guaranteed  on  t- 
specifications  in  each  case  was  about  equal  to  the  average  of  the  t 
coals  delivered  on  large  tonnages.    Differences  much  larger  than  th 
submitted  in  the  above  table  have  been  cited  from  time  to  time 

TABLE  2 


Ca8B  1  Casb  2 

%  Ash    I      B.t.u.  %  Aah  B.t.i& 


Quality  guaiUDteed  under  specification  cited 8 .  00  14250  6. 00  1470(^ 

Quality  delivered  under  specification  cited I  12.66  13558  {        8.48  1396K> 

Average  analysts  of  large  tonnages  to  other  cons-  i 

Burners ,  8.51  14250  6.41  1 

Single  delivery  showing  highest  quality 7.48  14487  4.54  1 


Pereentage  difference  in  value  between  highest: 
delivery  and  coal  furnished  under  specification 
cited 6.5*  6.2« 


.1 


*Baaed  on  quality  guaranteed 

these  are  generally  due  to  particularly  poor  preparation  or  inaccs^UN 
acies  in  sampling  or  analysis. 

In  regard  to  the  increase  in  price  per  ton  when  coal  is  purchase 
on  a  heat  unit  basis,  a  number  of  cases  due  to  various  causes  ha^"^^ 
been  reported.  The  principal  reason  for  making  any  increase 
coal  is  purchased  by  this  method  is  due  to  ignorance  of  the 
in  regard  to  the  quality  of  the  coal  which  he  will  be  able  to  deliver- 
Some  years  ago  it  was  the  universal  practice  in  most  localities  ^ 
increase  the  price  of  coal  when  purchased  on  a  heating  value  bst^^ 
but  the  large  number  of  analyses  of  the  various  products  which  Ix^^^^ 
been  made  in  recent  years  have  established  values  for  most  of  *^® 
well  known  coals  and  dealers  are  willing  to  bid  on  the  premiuDtx  ^ 
penalty  basis  without  increasing  the  price. 
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ENERGY  AND  PRESSURE  DROP  IN  COMPOUND 

STEAM  TURBINES 

CALCULATIONS  OF  THE  DISTRIBUTION  OF  ENERGY  AND  PRES- 
SURE  DROP  AMONG  THE  STAGES  OF  A  COMPOUND 

IMPULSE  TURBINE 

Bt  Forrest  E.  Cardullo,  Durham,  N.  H. 
Member  of  the  Society 

In  a  paper^  read  before  the  meeting  of  the  Society  of  Naval  Archi- 
tects  and  Marine  Engineers  in  Detroit,  June  1909,  Prof.  C.  H.  Pea* 
body  explains  a  method  of  determining  the  pressure  in  the  steam 
chests  of  the  several  stages  of  a  compound  impulse  turbine.  As  a 
substitute  for  this  method  the  writer  submits  the  following,  suggested 
largely  by  the  method  given  in  the  above  mentioned  paper,  which 
he  believes  to  be  both  more  simple  and  more  exact  in  application. 

2  The  general  methods  open  to  the  designer  for  determining  the 
properties  of  steam  during  its  passage  through  the  turbine  are  three 
in  number.  He  may  make  use  of  empirical  equations  giving  the 
relation  between  the  heat  content,  entropy  and  temperature  or  pres- 
sure of  expanding  steam,  as  was  suggested  by  Dr.  Steinmetz.^  He 
may  make  use  of  Mollier's  total  heat-entropy  diagram  which  gives 
the  relation  between  the  total  heat,  entropy,  pressure  and  quality  of 
steam.  Or  he  may  make  use  of  a  table  like  that  of  Professor  Pea- 
body  giving  the  relation  between  the  temperature,  entropy,  total 
heat,  quality  and  specific  volume  of  steam.  The  last  two  methods 
are  both  more  simple  and  more  accurate  than  the  first  one  and  are 
to  be  preferred. 

3  Assmne  that  a  turbine  is  to  be  designed  having  n  stages  and  that 
the  diameters  of  the  moving  elements  of  each  stage  are  the  same. 

^A  Method  of  Determining  Pressures  for  Steam  Turbines,  Trans.  Soc. 
IifaTal  Archs.  and  Marine  Engrs.,  1909,  p.  32. 
*  Proc  Am.  Soc.  M.  E.,  March  1908. 

Presented  at  the  Spring  Meeting,  Pittsburgh  1911,  of  Ths  American  Socibtt 
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Then,  in  order  to  have  the  steam  issue  from  each  set  of  nonlesat 
the  same  velocity,  it  is  necessary  to  have  the  same  heat  drop  in  each 

stage.    The  heat  drop  per  stage  will,  of  course,  be  -  of  the  total  heat 

n 

drop.  Were  there  no  retransformation  of  work  into  heat,  it  would  be 
necessary  only  to  find  from  an  entropy  table  or  diagram  the  entropy 
and  total  heat  of  the  steam  as  it  enters  the  turbine,  and  the  total 
heat,  at  the  same  entropy,  of  steam  of  the  terminal  pressure,  to  sub- 
tract the  second  quantity  from  the  first  in  order  to  obtain  the  total 
heat  drop,  and  then  to  divide  this  drop  by  the  number  of  stages  to 
obtain  the  heat  drop  per  stage.  The  pressures  in  each  stage  would 
then  be  found  by  subtracting  the  heat  drop  per  stage  n  times  from 
the  initial  heat  content  and  finding  from  the  table  or  diagram  the 
pressure  of  steam  having  the  heat  content  so  found,  at  the  given  en- 
tropy. 

4  This  method  may  be  illustrated  by  the  following  problenii 
taken  from  Professor  Peabody 's  paper :   Assume  that  the  initial  steam 
pressure  is  164.81b.  per  sq.  in.  and  the  final  pressure  is  1.005  lb.  per 
sq.  in.,  that  the  steam  is  initially  dry  and  saturated,  and  that  the 
number  of  stages  is  two.    From  Professor  Peabody's  table,  we  find 
the  initial  entropy  to  be  1.56  and  the  initial  heat  content  to  be 
1193.3  B.t.u.    The  heat  content  of  steam  of  1.56  entropy  at  the  te^ 
minal  pressure  is  871.1  B.t.u.    The  difference  between  the  initial  and 
final  heat  content,  or  the  heat  drop,  is  322.2  B.t.u.    The  heat  drop 
per  stage  is  one-half  this  or  161.1  B.t.u.    The  heat  content  of  the 
steam  entering  the  second  stage  is  1193.3  —  161.1  «  1032.2  B.t.a. 
The  pressure  of  steam  having  this  heat  content  and  the  entropy  IM 
is  18.4  lb.,  which  would  be  the  absolute  pressure  of  the  steam  as  it 
enters  the  steam  chest  of  the  second  stage. 

5  In  the  actual  steam  turbine,  we  find  that  the  quantity  of  heat 
transformed  into  work  is  only  40  per  cent  to  70  per  cent  of  the  hcit 
theoretically  available  for  transformation  by  isentropic  expansioD. 
A  small  portion  of  this  is  lost  by  gland  leakage,  radiation  and  bearing 
friction.  The  most  of  the  missing  energy,  however,  has  been  retrane- 
formed  into  heat  by  eddying,  fluid  friction,  blade  leakage,  etc.,  atfi 
appears  in  the  steam,  increasing  its  entropy.  We  may  assimie  that  IB 
actual  practice  60  per  cent  of  the  energy  theoretically  developed  i> 
the  first  stage  of  this  turbine,  or  96.6  B.t.u.,  would  be  transferred  to 
to  the  rotating  member,  and  about  40  per  cent,  or  64.5  B.t.u.,  would  bf 
retransformcd  into  heat,  making  the  heat  content  of  the  steam  enter 
ing  the  stage,  1193.3  -  96.6  =  1096.7  B.t.u.    This  would  give  te 
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the  entropy  of  the  steam  at  the  pressure  of  18.4  lb.,  the  value  1.655. 
The  heat  content  of  steam  of  1.655  entropy  and  1.005  lb.  pressure 
is  925.0  B.t.u.y  which  gives  for  the  heat  drop  in  the  second  stage  1096.7 
-  925^0  =  171.1  B.t.u.  This  is  more  than  6  per  cent  greater  than 
the  heat  drop  assumed  for  the  first  stage.  It  is  plain  that  in  order  to 
equalise  the  heat  drop  in  the  two  stages,  the  pressure  range  in  the 
first  stage  must  be  increased  at  the  expense  of  that  in  the  second 
stage.  It  is  also  evident,  as  Professor  Peabody  has  pointed  out,  that 
the  efficiency  of  each  stage  is  less  than  the  efficiency  of  the  turbine  as 
a  whole,  the  larger  efficiency  of  the  turbine  being  accounted  for  by  the 
fact  that  the  steam  entering  the  second  and  each  subsequent  stage 
contdns  an  extra  quantity  of  heat  as  a  result  of  the  inefficiency  of 
the  preceding  stages,  which  is  available  for  transformation  into  work 
of  the  succeeding  stages. 
6   It  will  be  found  by  trial  and  adjustment  that  if  the  theoretical 

heat  drop  per  stage,  which  we  may  designate  by  the  symbol  — ,  be 

n 

multiplied  by  the  empirical  factor  1  +  K,we  will  have  the  heat  drop 
per  stage  which  will  give  an  actual  equality  in  the  quantity  of  energy 
developed  in  each  stage.  In  the  above  empirical  factor,  the  value  of 
K  is  found  by  the  equation 


iJ:  =  0.00056  (^ — ^j  AH(1-E) 


In  this  equation,  n  is  the  number  of  stages,  AH  is  the  total  heat  drop 
theoretically  available  by  adiabatic  expansion  between  the  initial  and 
^^nninal  pressiures,  and  E  is  the  probable  thermal  efficiency  of  the 
turbine.  The  value  of  E  may  be  obtained  from  the  equation 

P=     2545 
SX  AH 

In  this  equation,  S  is  the  probable  steam  consumption  per  horse- 
power per  hour  of  the  turbine. 

'  In  the  turbine  which  we  are  designing,  we  have  assumed  the 
^ne  of  this  efficiency  to  be  0.60,  the  heat  drop  to  be  322.2  B.t.u.  and 
we  number  of  stages  to  be  two. 

°   Substituting  these  values  we  find 

«:=  0.00056  (?  ~  M  322.2(1  -  0.60)  =  0.036 
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The  probable  heat  drop  per  stage  will  therefore  be 

-  2     (1  +  0.036)  =  167.0  B.t.u. 

Allowing  this  drop  in  the  first  stage,  we  will  have  for  the  heat  content 
after  the  first  isentropic  expansion,  1193.3  —  167.0  =  1026.3  B.t.u. 
From  the  entropy  table,  the  pressure  of  the  steam  entering  the  second 
stage  will  be  16.86  lb.,  since  this  is  the  pressure  corresponding  to  the 
entropy  1.56  and  the  heat-content  1026.3.  Since  the  efficiency  of  the 
turbine  is  60  per  cent,  the  heat  transformed  into  work  is  60  per  cent 
of  the  theoretical  heat  drop  and  the  heat  transformed  into  work  per 
stage  is 

^^   XE^  ^?J'^  X  0.60  =  &6.6B.t.u. 

n  2 

Subtracting  this  quantity  from  the  initial  heat  content,  we  have  for 
the  heat  content  of  the  steam  entering  the  second  stage  of  the  turbine 
1193.3  -  96.6  =  1096.7  B.t.u.  We  therefore  have  for  the  entropy 
of  the  steam  entering  the  second  stage  the  value  1.663.  Assuming  the 
same  heat  drop  in  the  second  stage  to  be  the  same  as  that  in  the 
first  stage,  we  will  have  for  the  heat  content  of  the  steam  leaving 
the  second  set  of  nozzles,  1096.7  -  167.0  =  929.7  B.t.u.  The  press- 
ure of  steam  having  929.7  B.t.u.  heat  content  at  the  entropy  1.663 
is  found  to  be  1.005  lb.  which  gives  a  complete  check  on  our  work  and 
shows  the  calculations  to  be  correct. 

9  If  it  is  desired  to  find  only  the  pressure  of  the  steam  as  it  enters 
each  stage  of  the  turbine,  it  will  be  found  thatwemay  proceed  in  tk 
following  manner:  From  the  initial  heat  content  of  the  steam,  which 
we  will  designate  by  the  symbol  Hi,  we  will  subtract  the  quantity 

^^[^  [l  +  0.00056^''  ~  ^  \h  (1  -  £)1  =*i Ill 

and  write 

//i-  h,  =  //2 [2l 

From  the  temperature  entropy  table  determine  the  pressure  of  steia 
of  the  initial  entropy,  having  for  its  heat  content  JETt.  This  wiD 
be  the  pressure  of  the  steam  entering  the  second  stage.  Let  us  n0» 
subtract  from  //^  the  quantity 


A// 

n 


1  +o.ooo5(>(^     •'^^A/y  (l-B)l-*t 1^ 
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and  obtain 


Ht  —  hi  =  Hi 


14] 


The  heat  content,  Ht,  together  with  the  initial  entropy  of  the  steam, 
will  determine  the  pressure  of  the  steam  entering  the  third  stage. 
The  pressure. of  the  steam  entering  the  fourth,  fifth,  etc.,  stages  is 
obtained  in  a  similar  manner  except  that  we  must  substitute  the 

quantities , ,  etc.,  for  the  quantity in  [l]   to 

n  n  n 

obtain  the  quantities  At,  A4,  etc.  When  performing  this  operation 
in  the  case  of  any  particular  turbine,  it  will  be  found  that  the  value 


n— fc 


5/6 

3/6 

1/6 

-1/6 

-3/6 

-5/6 


TABLE  1    METHOD  OF  DETERMINING  PRESSURES 

0.00056  AH  {l-E)  =  0.072 


AH 
AH  =  322.2  —  =  53.7 


n 


0.072  ""^ 
n 

h 

0.060 

66.7 

0.036 

55.4 

0.012 

54.5 

-0.012 

52.8 

-0.036 

51.6 

-0.060 

50.3 

H         , 

Pressure 

1 
1193.3   1 

164.8 

1136.6  ; 

81.1 

1081.2 

37.9 

1026.7 

16.9 

973.9   1 

7.03 

922.3 

2.81 

872.0   1 

1.00 

ATI 

of  h  is  greater  than for  the   -^   high-pressure  stages,  and  less 

n  Z 

ATI  M 

than for  the  -jr-  low-pressure  stages.    So  far  as  the  writer  is 

n  2 

aware,  there  is  no  particular  reason  why  this  method  should  give  cor- 
rect results,  but  experience  shows  that  it  does  do  so. 

10  In  order  to  illustrate  the  method  of  determinating  pressures, 
we  will  determine  the  pressure  in  each  of  the  stages  of  a  six-stage  tur- 
bine working  between  the  same  limits  of  pressure  as  the  turbine 
whose  design  we  have  already  considered.  As  before,  the  initial  heat 
content  is  1193.3  and  the  entropy  1.56.  In  order  to  make  the  applica- 
tion of  the  method  more  clear  we  will  arrange  the  results  in  tabular 
form.  We  will  assume  that  the  efficiency,  as  before,  is  0.60.  The  adia- 
batic  drop  will,  of  course,  be  322.2  B.t.u.  The  work  of  computation 
is  shown  in  Table  1. 
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USB  OF  MOLLIER'S  DIAGRAM 

11  The  same  method  may  be  applied  in  graphical  form  to  the 
solution  of  this  class  of  problems  when  Mollier's  total  heat-tentropy 
diagram  is  used.  The  writer  believes  that  designers  will  find  the 
following  the  best  method  to  use  for  the  graphical  solution  of  this 


Fio.  1    Gbaphigal  Constbuction  Based  on  Mollieb's  Diagram 

AMOLB    COA   IS  MUGB  LAXOSE  TEAM  IT  BBOUID  BX  IH  OSDKE  TO  MAEM  TBS  OOMtnilCnOK  CtMAM 

problem,  when  the  amoimts  of  power  developed  by  the  different 
stages  are  unequal,  as  is  sometimes  the  case.  It  is  asstimed  that  the 
diagram  used  is  that  accompanying  the  Marks  and  Davis  steam  tables. 
The  diagram,  to  have  real  value  in  the  designing  office,  should  be 
pasted  on  a  well-seasoned  drawing  board  and  covered  with  a  sheet  of 
very  thin  celluloid.  Knowing  the  initial  pressure  and  quality^  or 
superheat,  of  the  steam,  we  find  on  the  diagram  the  point  (A  in  Rg.  2) 
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representing  this  state,  and  through  this  point  on  the  celluloid  cover- 
ing, draw  a  constant-heat  (horizontal)  and  a  constant-entropy  (ver- 
tical) line.  We  will  hereafter  designate  these  two  lines  by  the  symbols 
H\  and  Ni  respectively.  Find  the  state  point  of  isteam  after  adiabatic 
expansion  to  the  exhaust  pressure  {H^  in  Fig.  2)  by  finding  the  inter- 
section of  Ni  with  the  exhaust-pressure  line.  The  distance  between 
the  initial  and  final  state  points,  of  course,  represents  the  quantity 
^H  on  the  scale  of  the  heat  diagram.  On  a  sheet  of  good  detail  paper 
draw  the  horizontal  line  AB  bs  shown  in  Fig.  1,  having  a  length  equal 


/fc  \/ 


FiQ.  2    Showing  Use  of  Mollier's  Diagram 


to  this  distance,  and  bisect  it  at  0.  At  ^4,  erect  a  perpendicular, 
making  the  length  Ac  equal  to  0.00056  (AH^)  (1-^).  This  may  be 
easily  doneby  settinga  protractor  at  an  angle  whose  tangent  is  0.00112 
A  H  (1  —  ■^)  and  drawing  line  Oc  through  0  to  intersect  Ac  at  c.  Divide 
.45  into  the  same  number  of  segments  as  the  turbine  is  to  have  stages, 
making  the  length  of  each  segment  proportional  to  the  amount  of 
power  which  is  to  be  developed  in  the  corresponding  stage. 

12     Points  p  and  q  in  Fig.  1  represent  the  division  points  between 
the  segments.    Bisect  each  segment  to  locate  the  mid-points  d,  s  and 
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t.  Draw  de  parallel  to  Oc.  Draw  if  through  0.  Erect  short  per- 
pendiculars at  rf,  .-if  and  /,  to  intersect  efj  at  g,  u  and  v.  Erect  perpen- 
diculars through  Aj  Pf  q  and  B,  Draw  horizontals  through  g,  v 
and  V  to  intersect  the  perpendiculars  through  p,  q  and  B,  at  ^,  «' 
and  »'.  .With  p  as  a  center,  strike  arc  Ah.  In  like  manner,  with 
q  and  B  as  centers,  strike  arcs  pj  and  gZ.  Draw  Ag'^  and  then  W 
parallel  to  it,  intersecting  the  perpendicular  through  A  at  /. 

13  In  the  same  manner,  draw^  jX-  and  hn  parallel  respectively  to  u'l 
and  v'k.  If  the  segments  into  which  AB  have  been  divided  are  all 
equal,  we  are  now  prepared  to  determine  from  MoUier's  heat  diagram 
the  pressures  in  the  steam  chests  of  the  several  stages  in  the  follow- 
ing manner:  Through  lines  JVi  on  the  celluloid  covering  of  the  heat 
diagram,  draw  short  lines,  Htt  Hi,  and  H4  as  shown  in  Fig.  2,  making 
the  distances  of  these  several  lines  from  line  Hi  equal  to  AI,  AK,  and 
AM  respectively.  The  int<jrsections  of  these  lines  with  line  *Vi  will 
determine  on  the  heat  diagram,  the  pressure  of  the  steam  in  the  steam 
chests  of  the  several  stages,  or  in  the  exhaust.  If  the  diagram  is  cor- 
rectly drawn,  AM  will  be  equal  in  length  to  AB,  and  the  exhaust 
pressure  found  will  be  that  originally  fixed  upon. 

14  If,  however,  the  segments  are  of  unequal  length  for  any  rearon, 
as  would  be  the  case  if  the  diameters  of  the  several  rotating  mem- 
bers are  unequal,  we  will  find  that  AM  would  not  be  equal  to  AB, 
and  the  exhaust  pressure  will  be  incorrect.  In  order  to  determine  the 
pressure  of  the  steam  entering  each  stage  under  these  conditions, 
we  must  alter  our  diagram  in  the  follo\ving  manner:  About  ii  as  a 
center,  strike  an  arc  in  the  manner  indicated,  having  the  length  AM' 
equal  to  AB.  Through  point  A ,  with  a  60-deg.  triangle,  draw  4 Af' in- 
tersecting the  arc  at  M'.  Draw  A/il/',  and  then  draw  KK'  and  IF  pa^ 
allel  to  it.  By  following  the  same  procedure  as  was  outlined  in  ihf 
preceding  paragraph,  hut  using  distances  AI',  AK'  and  AM'  to 
locate  Hoj  //j  and  H^^  we  may  readily  determine  the  correct  value 
for  the  pressure  of  the  steam  (jntering  any  stage  of  the  turbine. 

15  If  it  is  desired  to  determine  from  the  diagram  all  of  the  prope^ 
rics  of  the  steam  as  it  <*ntors  each  stage  of  the  turbine,  and  to  cheek 
t  Ik-  work,  wc  may  y)roce(d  as  follows :  Note  that  AF  is  the  actual  heat- 
<lrop  in  the  first  stuge,  and  thai  the  actual  heat-drop  in  each  succeed- 
ing stagp  bears  the  same  i)ro])ortion  to  its  segment  as  A/' does  to  the 
s(^gnient  Ap.  Wc  may  accordingly  determine  the  actual  heat  drop 
in  (»Mcli  slii^c  l.»y  drawinj;  pl\  and  then  drawing  q^  and  BB' parallelto 
it.  intersecting  A  M'  m(  (f  and  /)'.  Wc  will  now  have  A/'  equal  totk 
aiMtial  lie:it-drt»i)  in   the  lir.-t  >.iagc, /V  ^'^"^^1  to  the  actualheat  drop 
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in  the  second  stage  and  (fM'  equal  to  the  actual  heat-drop  in  the  third 
stage.  We  may  complete  the  design  in  the  following  manner :  Lay  oflf  to 
theleft  a  distance  Az  equal  to  EXAB,  where  E  is  the  eflBciency  of  the 
turbine  expressed  as  a  fraction.    Draw  B'Zy  and  parallel  to  it  ^y  and 
i'z.  On  the  celluloid  covering  of  the  diagram  draw  line  Sl^  parallel 
to  Hi  and  at  the  distance  Ax  below  it.    Through  the  point  B,  deter- 
mined by  the  intersection  of  H^  and  the  pressure  line  Pt  determined  by 
i?i,  draw  line  Nt  parallel  to  Ni.   The  point  B  is  the  state  point  of  the 
steam  entering  the  second  stage.    From  this  point  measure  down- 
ward the  distance  /V  on  the  line  Nt.    The  point  so  found  should  fall 
or  the  pressiu'e  line  P«,  determined  by  H$.    Draw  -ffb  parallel  to  Hi 
and  distant  Ay  from  it,  and  find  its  intersection  at  C  with  the  pressiu*e 
line  Pt,  determined  by  H9,   This  will  be  the  state  point  of  the  steam 
entering  the  third  stage.   Through  it  draw  N$  parallel  to  iVi,  and  from 
it  measure  downward  on  N$  the  distance  g^B\   The  point  so  obtained 
should  fall  on  the  exLaust-pressure  line.    Draw  Ho  distant  Ax  from  Hi 
^d  find  its  intersection  at  D  with  the  exhaust-pressure  line,    lliis 
intersection  is  the  state  point  of  the  exhaust  steam. 

16    It  is  believed  that  after  the  designer  has  once  familiarized  him- 

*tf  with  the  method  of  constructing  this  diagram,  the  time  required 

^perform  carefully  and  accurately  the  directions  given  and  to  make 

*^j  the  determinations  necessary  will  be  comparatively  short,  cer- 

lainjy  not  more  than  an  hour  in  the  case  of  a  four-stage  turbine,  and 

mt  tte  method  will  eliminate  much  of  the  tedious  labor  which  is 

'iecesaiiry  when  the  method  of  successive  approximation  is  used  in 

Performing  this  work. 

DISCUSSION 

^*  H.  Hebschel  (written).  Referring  to  Fig.  1  the  total  avail- 
able Ixeat  is  not  AB  =  AH,  but  AB',  and  it  is  the  main  object  of  the 
P^P^r  to  determine  the  value  of  AB'.  The  method  is  based  upon  that 
^  .^cfessor  Peabody,  and  differs  from  it  in  leaving  out  all  consider- 
aaod  of  temperature  so  as  to  permit  the  use  of  the  Marks  and  Davis 
entropy  diagram.  We  are  therefore  concerned  only  in  proving 
^^^her  the  accuracy  of  the  method  is  as  great  as  that  attainable  in 

^  customary  use  of  the  diagram. 

.    "^^e  proposed  graphical  method  is  open  to  the  objection  that  the 

ryJ^JS  line  jBjB'  must  be  drawn  parallel  to  the  much  shorter  line  pi'. 

^^  cause  of  inaccuracy  may  be  removed  by  computing  and  laying 

the  length  AB',  and  then  drawing  qg'  parallel  to  BB',    To  serve 

^  check  qg^  should  also  be  parallel  to  p/^ 
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From  the  graphical  construction  AB'=  -. — ^-r^,  where  AM  =  AB 

Ap.AM 

+  {us  +  dg  —  tv).  The  quantity  in  parenthesis  is  the  sum  of  the 
intercepts  between  the  lines  EF  and  AB  ordinates  above  AB  being 
plus,  and  those  below  AB  minus,  all  these  ordinates  being  propor- 
tional to  their  distances  from  0.    To  make  the  equation 

od  +  o8  +  (-oO  ^"^^  -  (n-i)  Ap  -  (n-li)M  -  (n-2i)  Bq 

more  general,  we  may  designate  the  segments  of  the  line  AB  by  the 
symbols  Si,  S2,  etc.,  and  then 


od  +  os+  (— ort  = 


fiAff 


n 


-(n-i)Si-(n-li)S, [n-  (n-^)]S^ 

lod  +  as—ot]AE 


tt8  +  dg  —  tv  = 


AH 
2 


4M  =  ^+^,"^^+.lB 


2~(AC)Si 


and  finally 


AB'  = 


AH  2 


[. 


+^-  (A%  (^ 


-Si)] 


Si 


nAH 


A//+ 


-(n-§)S,-(n-li)S,. .  .  .In-(n-J)]S. 
2(ylC)  Si 


..[11 


Equation  (IJ  looks  somewhat  formidable,  but  is  in  reality  ample  to 
use,  since  it  contains  only  n,  the  number  of  parts  into  which  Aff  is 
divided,  the  lengths  of  each  of  these  parts,  and  a  constant  AC 
=  0.00056  (AH*)  (1-jEO,  where  E  is  what  Professor  Peabody  caDs 
the  overall  internal  heat  factor.  If  AB  is  divided  into  equal  parts, 
AB'  =  nAI  =  nhi. 

According  to  the  proposed  modification  of  Professor  Peabody's 
method 


and 


hi  =  ^  [1  +  0.00056  il-E)AHh  ^  ^)j 
h^^h^=  ^^^{^^' 0.00056  (1  -  E) 
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Referring  to  fig.  2,  we  will  call  B^  the  point  where  the  perpendicular 
dropped  from  the  point  B,  intersects  the  line  of  constant  pressure  P$. 
If  the  power  to  be  developed  in  each  stage  is  the  same,  hi  -■  AH% 
B  jBjBs.  Because  it  is  fairly  obvious  that  the  method  under  consider- 
ation does  not  apply  to  the  superheated  steam  part  of  the  diagram, 
and  because  it  is  customary  to  design  turbines  for  dry  steam,  I  shall 
confine  my  attention  to  the  part  of  the  diagram  below  the  saturation 
curve,  where  the  pressure  lines  are  substantially  straight.  Let  61 
«  the  angle  between  the  line  BHi  and  the  vertical  AHf.    Then  in 

order  that  AHt  shall  equal  JSft,  ^ — J^.   ,-  — ^  «  rate  of  divergence 

tan  61A1  (1— A) 

of  lines  Pa  and  Pi  in  the  horizontal  distance  between  the  verticals 

Ni  and  Nt 

^^^*  0.00056  (1  -  E) 

tan  01  |^|l  +  0.00056  (1-E)Ah(^'^)1  |(1-^) 
2Aff  0.00056  cot  Gi 


n  I  1  +  (  — -  -M  0.00056  Aff  (1-  ^)  j 


It  should  be  noted  that  the  horizontal  distance  between  Ni  and  N^ 
must  not  be  measured  in  the  scale  of  entropy,  but  in  the  scale  of  H^ 
1  in.  -■  50  B.t.u.  But  if  Ot  is  the  angle  between  the  lines  Ni  and  Pa, 
then  the  rate  of  divergence  of  lines  P2  aud  P«  is  equal  to  cot  9i  —  cot 
61  and  we  have 

2  AH  0.00056  cot  Gi  roi 

cot  01  —  cot  01  =-  p         /  .  -   ^-  ••WJ 

n    1  +  r  ~  Mo.00056  Aff  (I  -  £;) 

The  rate  of  divergence  is  thus  seen  to  depend  on  the  quantities 
AH,  E,  n,  and  tan  0i,  and  under  ordinary  conditions  their  variation 
will  be  about  as  follows: 

AH  from  350  to  140  B.t.u. 
E  from  0.50  to  0.70 

n  from  2  to  25  to  include  the  Rateau  type,  but  not  the  single-stage  De 
Laval 

Oi  from  55  deg.  at  200  lb.  to  65  deg.  at  1  lb. 
eot  Gi  from  0.700  to  0.406 
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Equation  [2]  will  give  a  maximum  value  when  cot  9i  >=  0.700;  n  •■    2; 
AJ7  >=  350  and  E  «  0.70;  and  a  minimum  value  when  cot  Gi  -■  0.466; 
n  ==  25;  AH  =  140  and  E  =  0.50.    This  gives  for  the  maximuxn 
divergence  in  8  in.  horizontal  length,  53.4  B.t.u.  and  for  the  miTiiTnunr^ 
divergence  for  the  same  difference  of  entropy,  1.13  B.t.u. 

If  we  restrict  the  formula  to  land  Curtis  turbines,  n  would  not 
have  a  maximum  value  above  6  (the  highest  number  of  stages  men- 
tioned by  the  author),  and  the  minimimi  divergence  would  became 
4.72.  If  we  leave  out  low-pressure  and  non-condensing  machines, 
AH  would  not  be  less  than  250  and  the  minimum  divergence  would 
be  8.56.  I  have  thus  far  treated  Ai7,  E,  n  and  cot  9i  as  independent 
variables,  following  the  example  of  the  author,  who  assumes  the  same 
efficiency  for  a  twoHstage  as  for  a  sixHstage  turbine  with  the  same  value 

of  AH.    However  as  E  depends  upon  bucket  speed  as  well  as  on 

and  as  the  backet  speeds  are  not  given,  we  may  assume  that  ^ritJi 
suitable  speeds  and  t3rpei3  of  machines,  the  two  turbines  might  hL&^e 
the  same  efficiency. 

Professor  Peabody  applies  his  method  to  a  somewhat  wider 
of  conditions  than  does  the  author,  but  in  order  that  the  latter 
not  make  the  objection  that  I  attempt  to  apply  it  to  conditions  for 
which  it  was  not  intended,  I  shall  confine  myself  to  the  two  cases 
which  he  has  himself  given,  where  AH  =  322.2  and  E  =  0.60  in  bo'ti 
cases  and  n  «  2  and  6. 

Where  n  =  6,  9i  varies  from  58  deg.  to  64  deg.  and  we  may  t>3-ltc 
the  average  value  of  cot  62  to  be  0.546  where  n  =  2,  9i  =  62  deg. 
cot  61  =  0.532.    Therefore,  we  have  from  [2] 


Divergence  in  8  in. 
if  n  =  2 

Divergence  in  8  in. 
if  n  =  6 


2  X  322.2  X  0.00056  X  400  X  0.532 
2  [1  +  i  (0.00056)  322.2  (1  -  0.60)] 

2  X  322.2  X  0.00056  X  400  X  0.546 
6  [1  +  ;U0.0"0056)322.2  (1-0.60)]" 


=  37.1..  -131 
=  12.4..   -W 


Now  it  is  an  easy  matter  w)  find  the  actual  divergence  on  the  entrd^py 
diagram  in  8  in.  horizontal  distance  and  for  a  drop  of  say  2  in.  =  IB-W 
B.t.u.  If  we  measure  the  distance  apart  of  two  pressure  line^  , 
ertropy  1.30  and  again  at  1.46,  the  diflference,  to  the  scale  of  1  ^' 
=  50  B.t.u.,  will  give  us  the  divergence  in  B.t.u.  for  4  in.  bori«>^^^**^ 
distance,  and  double  this  would  be  the  rate  of  divergence  of  tl^'^*^ 
particular  pressure  lines  in  8  in.  In  the  case  of  the  lower  presg*^  ^ 
the  full  8  in.  may  be  measured  directly,  as  from  entropy  1.46  to  1—   '  ' 


DISCUSSION  BY  W.   H.   HERSCHEL  337 

the  homontal  entropy  scale  being  1  in.  =  0.04  units.    In  this  way 

I  find  the  actual  divergence  in  8  in.  horizontal  and  2  in.  vertical  is 
about  25  to  35  B.t.u.  in  the  most  used  part  of  the  diagram  and  has 
about  double  those  values  for  very  high  pressures. 

In  the  author's  problem  of  the  two-stage  turbine,  the  entropy 
at  admission  is  1.560  and  for  the  second  stage  1.663.    The  bori- 

aontal  range  is  thus    '      ^  ^   *       =  2.57  in.    From  [3|  we  might 

0.04 

2  K7  y  Q7  1 

therefore  expect  a  divergence  of  — '—  =  11.9   B.t.u.,  while 

o 

the  actual  divergence  as  foxmd  by  the  author  is  167.0  —  (1026.3 
—  871.1)  =  11.8.    A  divergence  of  11.8  for  a  horizontal  distance  of 

2.57  in.  and  a  vertical  drop  of  —  --^^ —  =  3.10  in.,  corresponds 

50 

to  a  divergence  of  24  B.t.u.  for  our  standard  conditions,  instead  of 
25  to  35  B.t.u.  which  I  found  by  scaling  from  the  diagram.  Another 
estimator  might  find  a  different  value  by  scaling,  but  even  if  we  sup- 
pose 30  to  be  correct,  this  would  not  change  very  greatly  the  avail- 
able heat  per  stage.  The  divergence  for  our  twoHstage  turbine  would 
become  14.8  and  the  drop  would  be  168.5  instead  of  167.0.  This 
would  be  equivalent  to  increasing  the  factor  0.00056  to  0.00071.  As 
the  steam  velocity  =  C^l  ht  an  increase  of  h  from  167.0  to  168.5 
would  increase  the  steam  velocity  only  about  half  of  one  per  cent. 
Since  the  proper  steam  velocity  for  a  given  bucket  speed  is  not  known 
within  half  of  one  per  cent,  we  may  conclude  that  the  proposed  method 
is  accurate  enough  for  a  two-stage  turbine  working  imder  moderate 
pressure. 

Coining  now  to  the  six-stage  turbine,  the  entropy  at  admission  is 
1.560  as  before.    The  entropy  of  the  last  drop  is  not  stated  but  it 

AH 

may  be  found  as  follows :  The  drop  in  each  stage  is {l+K)=  56.9, 

n 

mo  that  the  drop  from  A  to  D  (Fig.  2)  would  be  0.60  (6  X  56.9) 

■B  204.8  and  the  drop  from  A  to  Pn+i  (P*  on  Fig.  2,  or  Pi  for  the 

rfx-stage  turbipe)  would  be  204.8  +( 56.9  X  0.40)  =  227.6.    The  end 

of  the  last  drop  would  be  at  i7  =  965.7  and  pressure  =  1.00,  and  the 

Witropy  of  this  point  would  be  1.729.    The  horizontal  range  would 

fcc    '      ^r,A  =  4.22  in.  and  so  we  should  expect  from  [4]  a  diver- 

0.04 

fgence  of  -- — - — —  =6.5  or  1.3  B.t.u.  for  each  of  the  five  drops. 

o 

TlbiB  should  be  equal  to  hi  —  ht  =  56.7  —  55.4  in  Table  1.    The 
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322  2 
author  takes  ~-  =  53.6  instead  of  53.7,  but  allowing  for  this 

inaccuracy,  Ai  —  Aj  =  56.9  —  55.6  =  1.3  as  before. 

The  author  says,  Par.  9 :  "So  far  as  the  writer  is  aware  there  b  no 
particular  reason  why  this  method  should  give  correct  results,  but 
experience  shows  that  it  does  do  so."  In  Par.  6  he  uses  the  word 
empirical  which  is  the  only  indication  he  furnishes  that  his  method 
is  not  applicable  with  perfect  accuracy  to  all  parts  of  t)ie  entropy 
diagram.  As  I  have  already  pointed  out,  the  method  does  not 
apply  to  superheated  steam  or  to  wet  steam  of  very  high  presBUie, 
and  in  regard  to  the  part  of  the  diagram  in  most  frequent  use,  it 
would  be  more  accurate  to  say  the  error  is  so  small  as  not  to  be 
readily  detectable,  than  to  leave  it  to  be  inferred  that  there  is  no  error. 

The  author  has  carefully  omitted  all  references  made  by  Ftofeasor 
Peabody  to  errors  in  the  method.  For  example.  Professor  Peabod/i 
Table  6*  (corresponding  to  the  author's  Table  1)  contains  the  follow- 
ing data: 

Pressure  Entropy  Heat  Drop 

1103.8 

1136.7 
164.8  1.560  56.6 

1158.4 

1101.5 
80.1  1.588  56.9 

1123.5 

1066.4 
38.1  1.618  67.1 

1068.6 

1031.9 
16.9  1.651  66.7 

1053.7 

996.7 
7.09  1.685  57.0 

1018.8 

962.1 
2.76  1.722  56.7 

1.00  1.761  Sum 341.0 

in  reference  to  this  tabulation  Professor  Peabody  remarks  thit  th< 

*  A  Method  of  Determining  Pressures  for  Steain  Turbines,  Cecil  H.  Pw* 
body,  Trans.  Soc.  Naval  Archs.  and  Marine  Engrs.,  1909,  p.  32. 
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sum  of  the  several  amounts  of  heat  assigned  to  the  six  stages  for 
adiabatic  action  should  be  equal  to  322.2  X  1.054  »  339.6,  instead 
of  341.0,  the  discrepancy  being  due  to  lack  of  precision  in  the  calcu- 
lation. 

In  the  case  of  the  twoHstage  turbine  Professor  Peabody  assigned 
a  drop  of  166.4  B.t.u.  to  the  first  stage  and  obtained  166.1  for  the 
second.  In  short,  even  with  the  most  careful  interpolation  in  his 
entropy  table  Professor  Peabody  found  that  his  method  was  subject 
to  error,  though  to  be  sure  the  error  in  the  cases  cited  is  negligible 
for  all  practical  purposes. 

Returning  to  the  author's  statement  in  Par.  9,  we  are  left  in  doubt 
as  to  the  extent  of  the  "experience''  which  shows  that  the  method  give§ 
"correct  results."  There  is  nothing  to  show  that  the  experience  covers 
more  than  the  examples  given  in  Professor  Peabody's  and  the  author's 
papers.  However,  if  it  is  desired  to  apply  the  method  to  any  part  of 
the  diagram,  an  idea  of  the  error  involved  may  be  obtained  by  the 
help  of  [2],  either  by  scaling  the  divergence  of  the  lines  Pt  and  Pt  or 
by  measuring  with  a  protractor  the  angles  6i  and  8|.  For  this  purpose 
the  location  of  the  lines  Pt  and  Pt  may  be  obtained  with  sufScient 

Aff 
accuracy  if  AH^  is  taken  equal  to  HJIt  =    —  . 

n 

But  the  author's  method,  in  addition  to  assuming  a  constant  rate 
of  divergence  for  a  certain  drop  and  a  certain  difference  of  entropy, 
is  based  on  other  assumptions  which  affect  its  usefulness.  In  Fig. 
1  it  will  be  noted  that  B%  ^y  and  I'x  are  parallel,  which  signifies 
that  the  efficiency  of  each  stage  is  the  same,  and  Professor  Peabody 
says:  "The  method  assumes  that  the  efficiencies  of  the  several 
stages  are  the  same  or  nearly  the  same,  and  most  concordant  results 
will  be  obtained  when  the  same  amount  of  heat  is  assigned  to 
each  stage.  But  the  method  is  insensitive  to  reasonable  changes  in 
the  beat  factor  and  will  give  good  comparison  with  practice  with  any 
type  of  turbine."* 

That  the  method  is  insensitive  to  changes  in  £  is  shown  by  Professor 
Peabody's  calculations,  and  it  also  follows  from  [2].  When  Professor 
Peabody  says,  "any  type  of  turbine,"  it  is  to  be  supposed  he 
means  any  multicellular  turbine,  since  the  method  does  not  apply  to 
a  single-stage  De  Laval  machine,  and  its  application  to  the  Parsons 
type  has  not  been  demonstrated.    As  for  the  comparison  with  ''prac- 

^  A  Method  of  Determining  Pressurefl  for  Steam  Turbines,  Cecil  H.  Pea- 
body, Trana.  8oc.  Naval  Arohs.  and  Marine  Engrs.,  1909,  p.  30. 
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tice,"  it  depends  upon  what  is  meant.  Writers  show  a  ''strange  reti- 
cence'' in  telling  all  they  know  and  it  is  a  question  whether  practice  is 
to  be  coDsidered  as  represented  by  what  is  published,  or  by  the 
methods  actually  used  by  desigrers. 

I  quesUon  whether  it  is  good  practice  to  assume  a  constant-stage 
efficienc>  as  it  is  ob^'iously  contrary  to  fact.  As  the  efficiency  cao 
only  be  constant  if  the  losses  are  constant,  we  must  consider  the  loa9eB 
in  each  stage.    Leaving  out  radiation,  leakage  between  stages  and 

the  loss  due  to  residual  velocity,  ^  -  ,  the  chief  losses  are  due  to  the 

steam  passing  through  the  nozzles  and  blades,  and  to  the  disks  and 
blades  rotating  in  steam.  I  shall  call  these  two  frictional  losses, 
blade  losses  and  windage. 

If  c  =  the  theoretical  velocity  due  the  heat  drop  aamgned  to  a 
stage,  ci  =  ^  =  velocity  of  steam  lea\'ing  the  nossle,  and  tc^  "•  xVi 
where  wi  is  the  resultant  of  Ci  and  the  peripheral  velocity.  Then 
the  blade  loss  ^ill  equal 

^  [(c»  -  fi^)  +  W  -  i^«*)l  =  ^  [c«  (1  -  ^)  +  «;,«  (1  -  x*)l 

As  ip  and  x  "lay  be  considered  constaDt,  it  follows  thf  t  the  blade  loss 
will  be  constant  only  when  c  and  Wi  are  the  same  for  all  stages.  If 
the  heat  assigned  to  a  stage  is  constant,  c  is  constant,  but  Wi  willvaiy 
with  the  blade  angle.  It  is  well  known  that  at  the  low-pressure  end 
of  marine  turbines,  semi-wing,  wing  and  double-wing  blades  are  em- 
ployed, and  thiis  same  flattening  of  the  blade  takes  place  in  land 
turbines,  though  perliups  not  so  often  referred  to.  Consequently 
the  blude  losses  vary  with  changes  w  the  value  of  Wi  from  stage  to 
stage. 

The  variation  in  the  windage  losses  is  much  greater.  While  the 
absolute  numerical  value  of  the  windage  losses  may  be  difficult  to 
discover,  od  account  of  disagreement  between  authorities  whoee 
tests  were  made  with  different  types  of  running  wheels,  the  following 
equation  from  Stodohi*  may  be  taken  to  illustrate  our  point: 

A'  =  i310-'^  Dn'  Ly 
where 

N    =  windage  in  kw. 

/3    =  a  factor  depending  upon  the  number  of  rows  of  hlada 

D     =  diameter  to  middle  of  blade  in  m. 

L     =  mean  length  of  blade  in  m. 

7     =  specific  weight  of  steam 

*  The  Steam  Turbine,  Aurel  Stodola,  ed.  4,  p.  129. 
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D  may  be  constant  in  all  stages,  and  in  some  cases  /3  is  also  a  constant. 

L  may  vary  from  a  fraction  of  1  in.  to  over  a  foot,  and  the  variation  in 

the  density  of  steam  is  enormous.    Consequently  the  windage  will 

be  greatest  in  the  first  stage,  where  7  is  a  maximum,  in  spite  of  the 

fact  that  L  is  there  a  minimum,  and  it  will  gradually  decrease  to  a 

comparatively  insignificant  quantity  in  the  last  stage.    Of  course, 

if  there  are  very  few  stages,  or  the  turbine  is  running  non-condensing, 

the  windage  in  the  last  stage  may  be  considerable.    The  assumption 

chat  the  eflBciency  is  the  same  for  each  stage  is  thus  far  from  the  truth, 

and  can  be  justified  only  on  the  ground  that  it  is  one  commonly  made 

in  books. 

In  Par.  6,  the  author  defines  E  as  the  probable  thermal  efficiency 

2545 
of  the  turbine  and  gives  the  formula  E  =  ^    -     ._  where  S  is  the 

probable  steam  consimiption  per  horsepower  per  hour.    In  using 

this  formula,  how  he  accounts  for  the  fact  that  there  are  losses 

which  do  not  increase  the  entropy  of  the  steam,  does  not  seem  clear. 

Stodola^  explains  the  matter  more  fully  somewhat  as  follows:    Add 

to  iVe  the  effective  horsepower,  the  losses  outside  the  turbine  casing, 

such  as  bearing  friction  and  the  power  used  to  drive  auxiliaries,  and 

the  sum  is  called  Ni.    If  G^  is  the  steam  consumption  per  effective 

N 
horsepower  per   hour,  then  Ox  =  G'e  -rf »  the  difference    in    total 

iV| 

2545 
heat  between  initial   and  final   conditions  will  be     ^     (neglect- 

iog  losses  due  radiation  and  the  increase  in  steam  velocity  between  the 

steam  chest  and  the  exhaust),  and  finally  the  efficiency  will  be  equal 

2545 
to  jz — rr  •    Professor  Peabody  uses  practically  this  same  method, 

Gr|A// 

except  that  he  takes  G\  =  0.9  (?«.  He  then  goes  on  to  say:  ''There 
may  be  a  reasonable  dislike  to  using  a  factor  based  on  the  gross  horse- 
power of  the  turbine,  but  it  will  be  shown  that  a  considerable  varia- 
tion in  that  factor  will  have  only  a  small  effect  on  the  computations 
of  pressure;  and  after  all  there  appears  to  be  no  way  to  avoid  the  diffi- 
culty." 

As  I  understand  Professor  Peabody,  the  heat  drop  between  the 

2545 
point  A  and  the  point  D  (Fig.  2)  is  equal  to  -^-     and   there    is   no 

objection  to  this  method  of  finding  the  point  D.     But  he  does  admit 
1  The  Steam  Turbine,  Aurel  Stodola,  p.  116. 
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there  might  be  a  reasonable  dislike  to  taking  the  overall  turbine 
eflSciericy,  ^  .  „,  as  the  efficiency  of  each  stage. 

It  might  also  be  objected  that  the  steam  does  not  actually  pass 
through  the  changes  represented  by  the  broken  line  AH%B,  etc. 
Ttiis  could  occur  only  if  there  were  no  friction  and  consequently  no 
increase  of  entropy  in  the  nozzles  and  no  decrease  of  pressure  in  pass- 
ing through  the  blades.  In  reality  there  is  nozsle  friction  and  espe- 
cially in  Curtis  turbines  using  intermediates  or  reversing  blades,  there 
is  often  a  fall  in  pressure  in  passng  the  blades.  On  this  account 
some  writers  do  not  classify  the  Curtis  turbine  as  a  pure  impulse 
turbine.  However,  the  error  introduced  by  conadering  that  the 
steam  follows  the  path  AHiB  is  slight  compared  with  that  due  to 
taking  E  constant.  An  inaccurate  value  of  E  has,  as  Professor  Pea- 
bod}'  shows,  but  slight  influence  on  the  calculated  steam  velodtieB, 
but  it  should  not  be  overlooked  that  its  influence  on  the  calculated 
steam  volumes  is  much  greater. 

However  the  total  amount  of  heat  that  may  be  angpaed  to  the  sev- 
eral stages  is  obtained,  this  is  but  a  beginning.  The  real  task  is  in 
so  arranging  blade  lengths,  blade  angles,  disk  diameters,  heat  drops, 
etc.,  that  the  ratio  of  steam  speed  to  bucket  speed  shall  be  as  deared. 
Professor  Peabody^  and  the  author  (Par.  3)  both  assume  a  constant 
steam  velocity  and  the  same  heat  drop  in  each  stage.  Now  the  theo- 
retical ratio  between  bucket  and  steam  velocity  in  an  impulse  turbine 
is  one-half  and  if  there  were  no  losses  this  value  would  be  used.  On 
account  of  the  losses,  which  increase  approximately  as  the  cube  of  the 
bucket  speed,  there  is  a  certain  bucket  speed  less  than  half  the  steam 
speed,  which  gi^es  the  greatest  net  power.  Furthermore,  not  only 
has  a  turbine  a  most  efficient  speed  of  revolution,  but  each  separate 
row  of  blades  has  a  most  efficient  linear  velocity  depending  on  the 
losses  in  the  separate  stages.  The  angular  velocity  of  every  row  of 
blades  must  be  the  same,  but  the  linear  velocity  may  be  regulated 
within  certain  limits,  by  changes  in  blade  length  and  disk  diameter. 
Thus  if  the  author  assumes  that  the  diameters  of  the  moving  ele- 
ments of  each  stage  are  the  same,  he  should  not  assume  a  constant 
steam  velocity  in  each  stage. 

The  iiKjlhod  presented  by  the  author  gives  results  that  agree 
with  those  ol)tain(Hl  by  the  method  of  assuming  a  constant  reheating 

^A  Method  of  Deterinining  Pressures  for  Steam  Turbines,   Ceoil  H.  I^ 
body,  Trans.  Soo.  N.Mval  Archs.  and  Marine  Engrs.,  1909,  p.  20. 
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factor,  with  an  error  so  small  as  not  to  be  readily  detectable  by  scaling 
on  the  entropy  diagram,  so  long  as  operations  are  confined  to  the 
more  usual  pressures,  with  steam  initially  dry.  However,  the  re- 
heating factor  actually  varies  from  stage  to  stage  with  changes  in  the 
internal  losses,  so  that  any  method  which  assumes  a  constant  stage 
efficiency  is  but  a  preliminary  to  the  more  difficult  task  of  proportion- 
ing the  pressure  drop  between  the  stages  so  as  to  obtain  a  suitable 
variation  in  the  ratio  of  bucket  speed  to  steam  velocity,  which  can 
be  accomplished  only  by  the  method  of  successive  approximations. 

C.  H.  Peabodt^  (written).  In  his  paper  Profesor  Cardullo  shows 
^t  his  empirical  equation  is  both  accurate  and  convenient,  and  the 
few  applications  of  it  which  I  have  made  lead  to  the  same  conclusion. 
But  I  cannot  agree  that  in  practice  it  will  be  found  either  more 
siniple  or  exact  than  the  method  offered  in  my  paper.*  Though  it 
does  not  much  change  conditions,  I  will  say  that  the  computations 
of  ratios  for  determining  temperatures  and  pressures  have  been  abbre- 
viated since  my  paper  was  presented. 

I  should  like  to  explain  the  derivation  and  use  of  these  factors. 
Taking  164.8  lb.  and  1  lb.,  or  366  deg.  and  102  deg..  Professor  Car- 
dullo's  paper  shows  that  the  middle  temperature  for  adiabatio  action 
^  223.5  deg.  But  if  only  0.6  of  the  available  heat  is  changed  into 
Work  and  the  other  0.4  remains  in  the  steam,  the  entropy  will  increase 
to  about  1.65.    Let  h  stand  for  the  heat  contents  and  find  the  ratio 

Xi--  for  a  range  of  temperature  of  40  deg.  at.  entropy  1.66  and 

^t  entropy  1.65  as  follows: 

Temperature                                               Heat  Contents 

Entropy    1.66  Entropy    1.65 

243                                                        1056.0  1122.8 

102                                                        1006.7  1060.6 


40.3  53.2 


Ratio:     S^J  =  1.08 
40.3 


^o  find  intermediate  temperatures  for  a  six-stage  turbine,  draw  a 
*&ani  like  Fig.  3  in  which  hiht  represents  the  adiabatically  avail- 

,  ~~'^f .  Naval  Arch,  and  Marine  Engrg.,  Mass.  Inst,  of  Tech.,  Boston,  Mass. 
Y        '  Method  of  Determining  Pressures  for  Steam  Turbines,  Trans.  Soc. 
^^  Archs.  and  Marine  Engrs.,  1909,  p.  32. 
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able  heat,  322.2  B.t.u.  At  a  convenient  scale  the  ratio  1.080 
off  at  the  top  and  a  diagonal  line  is  drawn  through  the  middlt 
The  line  kiht  is  divided  into  six  equal  parts.  There  nu^  in  u 
be  as  many  parts  as  there  are  stages  which  may  be  equal  or  u 
At  the  middle  points  of  the  segments  of  kJn  draw  absdasae 
them  read  their  values  as  indicated.    Then  calculate  the  intan 
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temperatures  and  pressures  as  follows: 
322.2 


-63.7 
o 
53.7  X  l.Offr  =  57,3 
53.7  X  1.040  =  55.9 
83.7  X  1.013  -  H.4 
63.7  X  0-987  =  53.0 
63.7  X  0.960  =  51.5 
63.7X0,933  =  50.1 

322.2 


Temp«ratun  F 

1193.3  -57 .3  "  113a.O  312.6 

1136.0  -  55.9  -  1080.1  263.6 

lOSO.l -54.4  -  1025.7  218.0 

1025,7  -  53,0  =    972.7  176.6 

972.7  -51.5  -    921.2  138.0 

920,2-50.1  =    871.1  102.0 


The  temperatures  and  pressures  are  looked  up  in  the  temp4 
entropy  table  at  entropy  1.56,  interpolating  to  half  degrees, 
to  a  greater  degree  of  refinrnicnt.  Great  refinement  is  wi 
this  matter,  for  the  straight  adiubatic  method  of  text  boo] 
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a  maxiTnuTn  error  in  this  case  about  0.06  error  in  energy,  which  cor- 
responds to  0.03  error  in  velocity.  A  variation  of  10  per  cent  from 
the  normal  velocity  of  a  turbine  has  a  barely  appreciable  effect  on 
the  efficiency,  and  a  variation  of  0.015  would  be  imperceptible  either 
in  computation  or  experiment. 

There  is,  however,  no  use  in  allowing  a  preventable  error  of  3  per 
cent  to  creep  into  one  computation  and  derange  the  results,  conse- 
quently some  method  of  correction  should  be  used.  I  propose  the 
ratio  in  Table  2  for  my  method. 


TABLES    RATIO  FOR  PRESSUBB  DISTRIBUTION 


HtatFbetor 


0.66 
0.60 
0.66 
0.70 
0.98 


160  QmcaPnirare 
to  88  In.  VaeuuxD 

160  Gmca  Piewaro 
to  Atmosphtra 

Atmocphei*  to 
28  in.  Vacuum 

1.00 
1.08 
1.07 

i.oe 

1.06 

1.060 
1.046 
1.086 
1.080 
1.086 

1.040 
1.086 
1.080 
1.086 
1.080 

Having  the  ratio  of  heat  changed  into  work  by  the  turbine  to  the 
total  available  heat  for  adiabatic  expansion,  the  designer  may  select 
the  nearest  ratio  from  the  table  and  with  it  draw  a  diagram  like  Fig. 
3  and  complete  the  distribution  of  heat  as  shown  by  Table  2.  The 
ratio  should  be  read  to  three  decimal  places  because  any  error  there 
may  be  in  the  method  of  distributing  pressure  is  spread  over  the  entire 
range  of  temperature  and  the  intervals  of  temperature  and  pressure 
are  obtained  with  a  desirable  degree  of  regularity. 

To  show  the  insensitiveness  of  the  method  we  may  note  that  varia- 
tion in  the  ratio  of  heat  changed  into  work  to  the  total  available  heat 
18  as  follows: 


Heat  factor 0.55 

inteimediate  temperature 218 

Inteimediate  pressure 16.5 


0.65 

0.75 

219 

220 

16.9 

17.2 

And  further  to  show  that  a  considerable  variation  in  pressure  has 
but  a  slight  effect  we  may  compare  results  with  a  ratio  selected  from 
Table  2  and  with  the  proper  ratio  for  the  range  of  pressures: 
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Heat  factor  0. 85  Tabular  Vahie       l^Mdal  Catoolatioii 

Initial  temperature 366  400 

gage  pressure 150  232 

Final  temperature 102  102 

vacuum,  in 28  28 

Ratio 1.07  1.075 

Intermediate  temperature 231.8  232.1 

pressure  absolute 21 .49  21 .61 

Willie  I  have  no  question  that  Professor  Cardullo  can  use  his  grajA- 
ical  method  effectively,  I  remain  of  the  opinion  that  a  numerical 
computation  with  the  aid  of  the  temperature-entropy  table  will  be 
found  more  accurate  and  rapid. 

W.  D.  Ennis  (written).  The  simplicity  and  exactness  of  Profearar 
Cardullo's  method  lie  in  the  use  of  the  corrective  factor  K  which  he 

TABLE  3    HEAT  DROP  IN  SIX-STAGE  TURBINE 


Absolute  Pre 
li).  per  Sq. 

ssuFe, 
Jo. 

Entropy 
1.829 

Heftt  Contanta,  B.t.u. 

160 

1353  0 

81 

1.661 

1310.8 

39 

1.0935 

lUl.e 

17.3 

1.781 

1140.4 

7.3 

1.772 

1111.3 

2.9 

1.814 

1070  0 

1.0 

1.863 

1040.8 

has  discovered.  In  designing  a  multi-stage  turbine,  either  some 
in(  quality  in  the  heat  drops  for  the  different  stages  or  a  rather  pro- 
longed adjustment  must  h^  contemplated.  There  seems  to  be  no 
clear  reason  for  the  form  of  this  new  corrective  factor  and  one  is  in- 
clined to  doubt  the  generality  of  application  of  such  expressioDS.  I 
have,  however,  found  that  it  fits  a  set  of  conditions  other  than  those 
given  in  the  paper  and  am  prepared  at  least  to  try  it  in  additions' 
cases. 

Consider  a  turbine  having  an  initial  pressure  of  160  lb.  aba.,  iritk 
100  deg.  of  superheat,  expanding  down  to  1  lb.  abs.,  dx  stagei; 
steam  consumption  12  lb.  per  h.p-hr.:  The  initial  heat  contotii 
1252,  the  final  (after  adiabatic  drop)  911 ;  making  the  heat  drop  »  341 
B.t.u.,  the  efficiency  E  =  0.62,  and  K  =  0.0608.  The  ideal  W 
drop  per  stage,  corrected  by  the  K  factor,  is  then  60.2  B.t.u.;  the  actoil 

drop  is    ^      X  0.62  =  35.2  B.t.u.    This  leads  to  Table  3. 
6 
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The  whole  heat  drop  is  very  nearly  1252  -  1040.8  =  211.2 
=  341  X  0.62.  It  would  be  interesting  to  know  how  the  expression 
for  K  was  obtained  and  whether  it  has  further  justification  than 
the  one  that  it  "works,"  which  is  of  course  excellent. 

The  Author.  The  objections  raised  by  Mr.  Herschel  may  be 
classified  as  follows: 

a  That  the  method    proposed    will    not   give    satisfactory 

results  when  wet  steam  is  used  in  the  turbine. 
h  That  it  will  not  give  satisfactory  results  when  superheated 

steam  is  employed. 

c  That  it  assumes  the  losses  to  be  equal  in  each  of  the  stages. 

d  That  it  assumes  all  of  the  losses  to  be  of  such  a  character 

as  to  increase  the  entropy  of  the  steam. 

The  answer  to  the  first  objection,  namely  that  the  method  is  not 

satisfactory  when  applied  to  wet  steam,  may  be  seen  in  Table  4,  in 

TABLE  4    FOURpSTAQE  TURBINE 
Imrxal  Stbajh  PEMBuaa  14.70  lb.  abm.,  Iicitial  QxrAurT  85  pbb  cbmt,  Tbbmimal  PRUBUBa 

0.6M  LB.  ABB.,    ABBUMBO   EmCIBXOT  70  PBB  CBMT. 


AH 

-  168.8 

^-4J.t 

0.00058  AH  (/ 

-S)  ^  0.028 

n 

0.088 

n 

k 
43.1 

1 
1 
1 

H 
1004.0 

Piawure 

j 

14.70 

Entropy 
1.54 

Actual 

Heat 
Drop 

Heat 
Content 

0.76 

1 

0.021 

1004.6 

901.5 

7.19 

1.54 

43.1 

961.5 

0.25 

0.007 

42.5 

1.56 

974.45 

1 

919.0 

3.278 

1.56 

43.1 

931.35 

0.25 

0.007 

41  9 

1.582 

944.3 

i 

877.1 

1.436 

1  583 

43  1 

901.1 

0.75 

0.021 

41.3 

1 

1.604 

913.05 

, 

' 

835.8 

0.594 

1  604 

43  1 

869  95 

which  will  be  foxmd  the  calculations  for  a  turbine  taking  steam  of 
85  per  cent  quality  and  expanding  it  from  a  temperature  of  212  deg. 
to  a  temperature  of  85  deg.  This  is  an  extreme  case  and  there  is 
no  reason  why  a  turbuxe  should  be  supplied  with  steam  of  this  qual- 
ity even  though  the  steam  rejected  by  the  engine  unit  is  of  85  per 
cent  quality.  The  use  of  a  separating  receiver  between  the  engine 
and  the  turbine  would  eliminate  the  water  without  appreciably  de- 
creasing*the  admission  pressure  to  the  turbine.  It  will  be  seen  from 
7able  4  that  the  calculation  by  this  method  of  the  pressure  and 
energy  drops  in  the  different  stages  give  results  which  check  absolutely. 
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Mr.  Herschel's  objection  that  the  method  does  not  apply  to  B^P^e 
heated  steam  is  valid,  although  a  much  closer  approximation  to  ^^^ 
proper  pressure  and  energy  drops  per  stage  may  be  obtained  W^ 
emplo3dng  this  method  than  by  the  assumption  of  adiabatic  expti^ 
sion.    In  Table  5  will  be  found  the  calculations  for  a  very  extrcm^ 
case.    The  turbine  is  assumed  to  take  steam  at  215  lb.  pressure  and 
226  deg.  superheat  and  to  expand  it  to  atmospheric  pressure.    It 
will  be  seen  there  that  the  calculated  energy  drop  per  stage  is  59.3 
B.t.u.,  while  the  actual  energy  drop  in  the  first  stage  is  59.3  B.t.u., 
in  the  second,  60.2,  in  the  third,  62.8,  and  in  the  fourth  59.3  B.t.ii. 
By  employing  the  method,  the  energy  drop  per  stage  is  much  more 
nearly  equalized  than  it  would  be  otherwise. 

TABLE  5    FOUR-STAGE  TURBINE 
Initial  Stbam  Pbusubk  215  lb.  abs.,  Initial  Supbrbbat  225  pbr  cbnt.  TBBWif  ac. 

14.70  LB.  ABB..  AflSUMBD  EfffiaBNCT  70  PBB  CBNT. 


A« 

-230.6 

fl 

■    -    -■ 

0.00050  AH  (i 

—  J?)  -0.039 

1 

Actual 

n-k 
n 

0.039  ""^ 
n 

A 

H 
1322.5 

1 

PreaBure 
215 

Entropy 
1.67 

Coatont 

Drop 

0.76 

0.020 

59.32 

1263.2 

122.7 

1.67 
1  6886 

128S.1 
1881.0 

m.% 

0.25 

0.010 

58.22 

1205.0 

66.0 

1.6886 
1.71 

1220.8 
l»8.9 

00.1 

0.25 

0.010 

57.08 

1147.9 

31  97 

1.71 
1.7845 

1176.1 
1106.0 

01.8 

0.75 

0.020 

55.08 

1001.9 

14.70 

1.7845 

1185.7 

».8 

It  must  be  remembered  that  this  method  is  in  the  nature  of  a  rule 
of  thumb  for  determining  as  closely  as  possible  the  pressure  of  the 
steam  as  it  enters  the  several  stages  of  a  turbine,  on  the  assumption 
that  the  energy  drop  is  the  same  in  every  stage.  It  is  intended  as  a 
preliminary  to  the  actual  design  of  the  steam  passages  and  the  vanes 
of  the  several  stages  of  the  turbine.  In  order  to  obtain  a  workable 
rule  the  difference  in  the  efficiencies  of  the  several  stages  was  disre- 
garded. Had  this  difference  been  taken  into  account  the  method 
would  become  tremendously  complicated  and  the  final  results  prac- 
tically identical  with  those  obtained  by  employing  the  method  in 
its  simplified  form.  While  the  method  is  theoretically  incorrect  and 
inexact,  in  practice  it  is  much  more  accurate  than  is  our  knowledge 
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of  the  properties  of  steam  or  the  efficiencies  of  turbines,  and  there- 
fore as  accurate  as  is  necessary  or  desirable. 

The  only  losses  in  a  steam  turbine  which  do  not  increase  the  entropy 
are  those  due  to  bearing  friction  and  radiation.    In  any  case  these 
are  an  exceedingly  small  fraction  of  the  total  heat  supplied  to  the  tur- 
bine and  are  therefore  negligible  in  comparison  with  the  losses  which 
increase  the  entropy  of  the  steam.    To  separate  these  losses  is  impos- 
sible and  imnecessary  and,  as  pointed  out  by  Professor  Peabody, 
fiiijgiit  changes  in  the  assumed  efficiency  of  the  turbine  have  almost 
no  effect  in  changing  the  value  of  the  factor  K  in  the  equation. 

I  agree  with  Professor  Peabody  that  a  numerical  computation  by 

tie  aid  of  the  temperature  entropy  table  is  more  accurate  than  the 

employment  of  the  Mollier  diagram  and  that,  in  general,  analytical 

methods  are  to  be  preferred  to  graphical  ones  for  work  of  this  kind. 


Fig.  4 


Fig.  5 


Fig.  6 


DiAOBAMs  Illustrating  Effect  With  Wet  Steam  and  Superheated 

Steam 


Professor  Ennis  shows  that  when  the  amount  of  superheat  is  not 
extraordinarily  high,  the  method  gives  satisfactory  results.  On 
the  other  hand,  for  extreme  conditions  of  superheating,  it  is  not  so 
exact. 

Why  the  method  works  is  shown  in  Fig.  4  which  represents  the  tem- 
perature-entropy diagram  of  a  turbine  employing  wet  steam  as  a  work- 
ing fluid.  The  line  ed  is  drawn  so  that  the  area  ghcf  is  divided  into 
two  equal  parts,  in  order  that  there  shall  be  an  equal  distribution  of 
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energy  in  the  two  stages.  Then  the  heat  transformed  into  work  in 
the  nozzles  of  the  first  stage  is  ebcd.  Of  this  a  certain  fraction  is 
retransformed  into  heat  and  passed  on  to  the  second  stage,  this  heat 
being  represented  by  the  area  dhjk,  of  which  dhif  is  retransformed 
into  work  in  the  second  stage,  and  the  total  quantity  of  heat  trans- 
formed into  work  in  both  stages  is  gbcdht.  It  will  be  seen  that  as 
the  total  heat  drop  increases,  the  proportion  of  the  heat  supplied 
which  is  transformed  into  work  also  increases,  so  that  the  quantity 
dhif  becomes  a  larger  and  larger  proportion  of  dhjk,  as  the  total  heat 
drop  increases.  The  extra  amount  of  heat  added  per  stage  is  there- 
fore proportional  to  the  total  heat  drop.  By  increasing  the  number 
of  stages  to  four,  wc  will  get  the  condition  of  affairs  shown  in  Hg.  5, 
in  which  the  shaded  areas  are  added  as  well  as  the  areas  already  added 

in  Fig.  4.    Hence  we  must  introduce  the  factor  —ij—  in  obtaining  the 

value  of  K,  The  amoimt  of  heat  added  to  the  steam  entering  the 
second  stage  by  the  inefficiency  of  the  first  stage  is  of  course  propm- 
tional  to  one  minus  the  efficiency  of  that  stage;  hence  we  have  the  fae- 
tor  1 — £.  Finally  the  factor  0.00056  is  obtained  by  trial  and  adjust- 
ment. 

Fig.  6  shows  why  the  method  is  not  exact  when  applied  to  supe^ 
heated  steam.  It  might  be  made  exact  by  introducing  a  factor  whose 
value  would  depend  upon  the  degree  of  superheat  of  the  steam,  but 
this  introduces  a  complication,  which  destroys  the  simplicity  of  the 
method,  and  which  is  therefore  objectionable.  Rather  than  comfdi- 
cate  the  method,  we  may  calculate  the  heat  drops  in  the  several 
stages  as  in  Table  5,  take  their  average,  and  employ  that  as  the  heat 
drop  per  stage.  The  average  of  the  actual  heat  drops  is  60.4.  The 
computation  of  the  proper  pressures  for  each  stage  may  be  made 
accordingly. 
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THE  PRESSURE-TEMPERATURE  RELATIONS 
OF  SATURATED   STEAM 

Bt  Lionbl  S.  Marks,  Cambbidqb,  Mass. 
Member  of  the  Society 

The  relation  between  the  pressure  and  temperature  of  saturated 
steam  is  known  with  great  accuracy  for  the  range  of  temperatures 
from  32  d^.  to  400  deg.  fahr.,  or  for  the  approximately  correspond- 
u% pressure  range  from  0.1  lb.  to  250  lb.  per  sq.  in.  abs.  Within 
that  range  the  experimental  values  of  Regnault  and  of  other  investi- 
gators agree  very  closely  with  the  recent  and  authoritative  work  of 
B<^Iand  Heuse^  and  of  Holbom  and  Henning.*    It  is  probable  that 

TAfil£   1    PRBSSURB  OF  SATURATED  STEAM  AT  HIGH  TEMPERATURES 


^•»P«»tiiw.  Def.  Fahr. 


PteMures  In  Atmosphtra  Aooordlng  to 


Battelll  CaiUetetaQdColardeau!  Knlpp 

I 


400 
MO 
000 


16.8  10.8                               

48.0  46.6  I                  47.1 

109.7  107.1  ,                 llt.6 

186.7  I                188.0  807. 7 


the 


temperature  corresponding  to  any  pressure  within  that  range  is 


^^^  known  accurately  to  within  —  deg.  fahr. 

2  At  higher  pressures  and  temperatures  there  is  no  such  agree- 
^ent  between  the  results  of  different  investigations.  Until  the  past 
y^  the  most  important  work  in  this  part  of  the  field  had  been  done 
^  ^attelli,  by  Cailletet  and  Colardeau  and  by  Knipp.     Table  1 

-"^JUialen  der  Physik,  1910,  vol.  31,  pp.  715-735.    The  range  covered  was 
'?^  32  deg.  to  122  deg.  fahr. 

J.   ^nualen  der  Physik,  1908,  vol.  26,  pp.  833-883.    The  range  covered  was 
^^  122  deg.  to  400  deg.  fahr. 

^^sented  at  the  Spring  Meeting,  Pittsburgh  1911,  of  The  Amebican  So- 
or  Mechanical  Engineers. 
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(from  Marks  and  Davis'  Steam  Tables,  p.  95}  shows  the  very  consider- 
able divergence  between  the  results  obtained  by  these  three  investi- 
gations, particularly  at  the  higher  temperatures. 

3  During  the  past  year  there  have  been  published^  the  results 
of  an  investigation  carried  out  at  the  Reichsanstalt  by  Holborn  and 
Baumann  on  the  pressure-temperature  relations  of  saturated  steam 
from  400  deg.  fahr.  to  the  critical  temperature.  Considerable 
weight  must  certainly  be  given  to  any  investigation  coming  from  that 
source  and  in  this  particular  case,  all  the  internal  evidence  would 
indicate  that  more  weight  should  be  given  to  these  results  than  to 
those  of  any  of  the  previous  investigators.  Of  the  earlier  investi- 
gations, the  internal  evidence  clearly  indicated  that  the  work  of 
Cailletet  and  Colardeau  was  probably  the  most  accurate  and  for  that 
reason  their  results  have  been  adopted  in  recent  steam  tables.  The 
new  values  by  Holborn  and  Baumann  differ  markedly  from  the  values 
obtained  from  the  three  earlier  investigations,  but  are  much  dofier 
to  the  values  of  Cailletet  and  Colardeau  than  to  the  others.  It  seems 
worth  while  to  describe  briefly  the  methods  and  results  of  this  new 
work. 

4  The  measurement  of  vapor  pressure  may  be  either  by  the 
statical  or  the  dynamical  method.    In  the  statical  method  the  liquid 
and  its  vapor  arc  maintained  at  constant  temperature  and  the  cone- 
sponding  pressure  is  measured.    The  simplest  example  of  the  statical 
method  is  that  used  by  Regnault  in  his  experiment's  with  low-pressure 
steam.    For  this  work  the  liquid  was  inserted  above  the  mercury  is 
a  barometer  tube,  the  upper  part  of  which  was  kept  in  a  constant 
temperature  bath:  the  depression  of  the  mercury  column  measured 
the  vapor  pressure  corresponding  to  the  temperature  of  the  bath. 
In  the  dynamical  method  the  pressure  is  kept  constant  and  the  oo^ 
responding  temperature  measured.    The  pressure  is  maintained  bj 
air  or  other  gas  acting  on  top  of  the  liquid,  the  liquid  is  heated  con- 
tinuously, and  the  vapor  which  forms  is  condensed  continuously  and 
is  returned  by  gravity.    The  process  is  similar  to  that  customaritf 
employed  for  the  det<.Tmination   of  boiling  points  at  atmospheric 
pressure,   an  artificial  atmosphere  of  any  desired  pressure  heal 
maintained  over  the  liquid. 

5  The  work  of  Holborn  and  Henning  on  saturation  pressin* 
from  120  to  400  cleg.  fahr.  was  by  the  dynamical  method.  Tli 
new  work  by  Holborn  and  Baumann  is  by  the    statical  methni 

>Anmileii  der  Physik,  1910,  vol.  31,  pp.  945-970. 
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llie  v&ter  was  contained  in  &  steel  vessel  surrounded  by  a  conBtant 
temperatuie  bath;  absolute  measurements  of  the  pressure  were  ob- 
tained by  means  of  a  weighted  rotating  plunger;  the  volume  of  water 
m  the  veaael  could  be  varied  either  continuously  at  an  approximately 
uiuform  rate,  or  intermittently. 

6   In  presenting  their  results,  Holborn  and  Kenning  used  as  a 
standard  of  reference  the  following  formula  of  Thicsen: 

((+273)  log^=5.409(f-100)  -0.508  X  10"'[{365-()*-265«] 
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ne.  1  CuBTXs  Showikq  Dsvution  or  Pkessckb  p  Obsbeved  bt  Vabious 
wnnoiTois  FBOu  Pbebsure  P(  Calculatdd  fbom  Modified  Tbibsen 
fiQiuion  roB  Tehpbbatubb  abovb  400  deo.  fahb. 

"""Wclithe  pressure  p  is  in  mm.  of  mercury  at  0  deg,  cent,  and  the 
"■Dperature  (  is  in  deg.  cent.  The  deviation  of  their  experimental 
™M8  of  the  temperature  from  those  calculated  from  the  formula 
"  Snail  and  is  given  by  a  correction  curve.'  The  Thiesen  formula 
■w  fits  the  Scheel  and  Heuse  results  up  to  120  deg.  fahr.  with  great 

Ihtb  aod  DftTU,  Steam  Tetbles,  p.  S4. 
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exactness.  Holbom  and  Baumann  have  followed  a  similar  proced- 
ure in  presenting  their  results  for  temperatures  above  400  deg.  fahr. 
The  equation  they  have  adopted  as  a  standard  of  reference  is  a  modi- 
fication of  the  Thiesen  equation.    Their  equation  is 

(«+273)  log  .-  J^^  =  5.3867  (MOO)  -0.5262  X  lO"^  [(365-<)*-26Sl 

where  p  is  in  kg.  per  sq.  cm.  and  <  is  in  deg.  cent. 

7  This  new  equation  fits  the  experimental  data  extremely  well 
from  212  deg.  to  400  deg.  fahr.  The  maximum  difference  between 
the  observed  and  calculated  pressures  at  any  temperature  within  that 
range  is  2  mm.  of  mercury  or  about  0.04  lb.  per  sq.  in.  At  tempera- 
tiures  in  excess  of  500  deg.  fahr.  this  equation  does  not  give  good  results 
and  its  error  increases  very  rapidly  as  the  temperature  increases 
beyond  that  value.  The  difference  between  the  observed  pressures 
and  those  calculated  from  the  above  equation  are  shown  graphically 
in  Fig.  l.i^There  is  also  added  for  comparison  the  corresponding 
deviations  of  the  experimental  values  of  Battelli,  of  Cailletet  and  Gol- 
ardeau,  of  Enipp,  and  of  Ramsay  and  Young  from  the  same  equation. 
It  is  obvious  at  once  how  great  is  the  discrepancy  between  these 
various  experimental  results,  and  it  b  also  evident  that  the  results 
of  Cailletet  and  Colardeau  agree  much  better  with  the  latest  work 
than  do  the  others.  The  agreement  with  the  results  of  Ramsay  and 
Young,  which  extend  only  to  about  520  deg.  is  good. 

8  Holborn  and  Baumann  have  presented  their  results  in  tabular 
form.  A  column  in  Table  3  gives  their  results  in  English  units,  as 
deduced  from  their  table  by  interpolation.  It  gives  the  pressures 
corresponding  to  each  10  deg.  fahr.  from  400  deg.  fahr.  to  the  criticsl 
temperature.  As  the  second  differences  in  the  original  table  do  not 
run  smoothly,  it  will  be  found  that  the  same  is  true  of  the  second 
differences^  in  this  table.  The  values  determined  by  Cailletet  and 
Colardeau^are  included  in  the  same  table  for  purposes  of  comparison. 

9  There  is  but  little  doubt  that  these  new  values  should  be  ac- 
cepted in  preference  to  all  earlier  values.  It  is  probable  that  they  are 
not  final;  the  investigators  noted,  contrary  to  the  observations  of 
earlier  investigators,  that  the  water  acted  on  the  walls  of  the  steei 
vessel  and  that  after  repeated  heatings  over  670  deg.  fahr.  a  smaD 
quantity  of  iron  went  into  solution  in  the  water  and  that  the  water 
became  colored  on  standing  in  the  air.  There  was  evidence  also  thil 
gas  was  formed  in  the  vessel  as  a  result  of  this  action.  It  is  possible 
that  the  same  actions  have  taken  place  with  the  earlier  investigi- 
tions  in  which  steel  vessels  were  used,  but  that  they  passed  unnotioedi 
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NottrithBtandii:^  this  evidence  of  the  presence  of  small  quantities 
of  impurities  in  the  vessel  at  the  highest  temperatures,  it  seems  prob- 
able that  the  results  have  a  high  order  of  accuracy.  The  probable 
d^ree  of  accuracy  is  so  high  that  it  is  doubtful  indeed  whether 


Tim* 
Fia.  2    Ibotsermals  toh  Steam— Holborn  and  Bauuann 

"y  Other  investigator  will  be  tempted  to  explore  this  field  for  a  long 

m, 

.  ''•  It  has  been  previously  noted  that  there  was  in  this  investiga- 

""'  the  possibility  of  varying  continuously  and  at  an  approximately 
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constant  rate,  the  amount  of  water  contained  in  the  steel  vessel 
If  the  vessel  is  initially  full  of  water  at  a  pressure  in  excess  of  the 
saturation  pressure  corresponding  to  the  constant  temperature  at 
which  the  vessel  is  being  kept,  the  gradual  outflow  of  water  will 
result  in  a  fall  of  pressure  until  the  saturation  pressure  is  reached. 
Evaporation  will  then  take  place  and  the  pressure  mil  remain  steady 
until  all  the  water  has  escaped.  If  the  pressures  are  observed  and 
arc  plotted  against  time,  the  observations  will  give  curves  such  as 
aUj  66,  Fig.  2.  These  arc  isothermal  curves  and  will  be  true  pressure- 
volume  curves  if  the  rate  of  outflow  of  the  water  is  kept  con- 
stant. If  the  rate  of  outflow  is  not  constant,  as  in  these  investi- 
gations, the  curves  will  be  altered  in  shape,  but  nevertheless  have  a 
horizontal  part. 

11  If  the  vessel  is  maintained  at  a  temperature  in  excess  of  the 
critical  temperature  and  the  fluid  contents  of  the  steel  vessel  are  per- 
mitted to  flow  out  at  a  constant  rate,  the  pressure  curve  will  be  such 
as  cc  or  dd,  and  will  not  have  any  constant  pressure,  or  horisontal 
section,  since  there  cannot  be  any  evaporation.  The  variation  of 
pressure  with  time  was  investigated  for  a  number  of  different  vo- 
thermals  in  the  vicinity  of  the  critical  temperature  with  the  resulu 
shown  in  Fig.  2.  They  indicate  that  the  critical  temperature  of  water 
is  about  374.6  deg.  cent,  or  706.3  deg.  fahr.  and  the  corresponding 
pressure  225  kg.  per  sq.  cm.  or  3200  lb.  per  sq.  in. 

TABLE  2    CRmCAL  DATA  FOR  WATER 


InvestlKator 


Da  to 


Crltloal  Tempera- 
ture. Doc.  Fahr. 


Critical 

Lb.  per  Sq.  b- 


Nadejdlne 

Battelll 

Callletet  and  Colardenu 
Traube  and  Tblohner. . . 
Holborn  and  Baumann 


1885 
1800 
1891 
1U04 
1010 


676.  • 
687.7 
689 

705.2 
706.S! 


SM4 


12  The  ciilleal  coiistaiils  as  detennined  in  this  way  differ  from 
tlio  Oiirlier  vahu\s.     The  more  important  of  these  are  given  in  Tabki 

13  It  will  be  seen  that  the  critical  values  have  been  continuously 
raised  by  the  later  investijiators.  The  practical  agreement  of  tte 
I;\st  two  determinations  of  the  critical  tem])erature  is  probably ii^ 
ative  of  a  fairly  correct  value.  Th(^  method  of  Holborn  and  BauroM* 
is  well  adapted  to  give  good  results. 
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14  Accepting  the  data  of  Holborn  and  Henning  and  of  Holborn  and 
Baumann  as  the  best  available,  and  as  probably  of  very  considerable 
accuracy,  it  becomes  interesting  to  ascertain  whether  any  formula 
can  be  found  to  represent  them  accurately.  Most  of  the  formulae 
which  have  been  suggested  become  quite  inaccurate  above  400  deg. 
fahr.   Prof.  Robert  H.  Smith^  has  suggested  the  formula 

p  =  -0.16 +  0.00t5«  + 2.816  X  lO"**  (♦•»»« 

which  fits  the  Cailletet  and  Colardeau  values  extremely  well  up 
to 600  d^.  fahr.  with  a  maximiun  error  of  0.3  lb.  per  sq.  in.  at  300 
dcg.  fahr,,  but  with  large  errors  above  600  deg.  fahr.  The  writer  has  not 
tried  an  equation  of  that  general  form  with  the  new  values;  but  there 
is  little  doubt  that  a  satisfactory  equation  of  that  form  could  be  found. 
It  has  seemed  better,  however,  to  proceed  along  different  lines  in 
looking  for  the  desired  equation. 

15  The  pressure  and  temperature  of  a  substance  can  be  expressed 
in  terms  of  any  imit.  In  seeking  for  a  form  of  statement  of  the  pres- 
sure-temperature relations  of  a  saturated  vapor,  which  may  possibly 
ftpply  to  the  vapors  of  many,  or  even  of  all  substances,  it  is  desirable 
to  express  the  pressures  and  temperatures  not  as  multiples  of  the  usual 
^ts  (lb.  sq.  per  in.  and  deg.  fahr.),  but  as  fractions  of  the  absolute 
critical  pressure  and  temperature  of  the  substance  under  considera- 
tion. Taking  3200  lb.  per  sq.  in.  and  1106  deg.  fahr.  as  the  critical 
constants  for  water,  a  pressure  of  1600  lb.  per  sq.  in.  becomes  0.5 
^  the  new  units,  and  an  absolute  temperature  of  553  deg.  has  the  same 
^'^ue  in  the  new  units.  Pressures  and  temperatures  expressed  in 
these  Units  are  called  reduced  pressures  and  temperatures,  and  sub- 
^ces  at  the  same  reduced  pressures  and  temperatures  are  said  to 
be  in  corresponding  states. 

^6   There  has  been  considerable  speculation  as  to  the  relations 

"^^een  the  properties  of  substances  which  are  in  corresponding 

f^^.    The  most  obvious  hypothesis,  suggested  by  a  cursory  exam- 

^tion  of  the  saturation  data  for  various  substances,  is  that  substan- 

^  *t  the  same  reduced  temperatures  have  the  same  reduced  pres- 

^^    For  example,  water  at  a  reduced  temperature  of0.7(  =  816.4 

5^^.)  has  a  pressure  of  146  lb.  per  sq.  in.  or  a  reduced  pressure  of 

•*H66.    AnoLmonia  (critical  temperature  730  deg.  abs.,  pressure  16901b. 

^  ^.  in.)  at  a  reduced  temperature  of  0 . 7  (511  deg.  abs.)  should  have 

^^'^'tiing  to  this  hypothesis,  the  same  reduced  pressure  (0 .  0456)  or 

^ll«  Engiiieer  (London),  August  26,  1910. 
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a  pressure  of  77 . 1  lb.  per  sq.  in.  The  observed  pressure  is,  however, 
90.7  lb.  per  sq.  m.  The  hypothec  will  be  found  to  give  only  a  ve^^ 
rough  approximation  to  the  observed  facts  in  many  cases.  If  the 
hypothesis  were  true  we  should  have  the  equation 

JL 

Pi 

where  p«  and  T«  are  the  critical  constants  and  p  is  the  absolute 
saturation  pressure  corresponding  to  any  absolute  tem|>erature  7. 
17    The  equation  given  in  Par.  16  b  assumed  by  van  der  Waab* 
to  have  the  special  form 


z-d^) 


'^'j-'i^-^) 


where  a  is  a  constant  with  the  same  value  for  all  substanoeSi  with  an 
approximate  value  of  3.  This  equation  gives  results  which  are  near 
enough  to  the  facts  to  suggest  that  it  has  some  logical  basis,  but  which 
gives  errors  too  great  for  practical  use.  It  has  the  positive  merit  of 
being  accurate  at  the  critical  temperature,  but  it  is  found  that  the 
value  of  the  constant  a  differs  with  the  substance.    Nemat^  gives  the 

T 

following  values  of  a  which,  he  says,  hold  for  the  range  -^  »  1.5 

to  2.0,  a  range  which  is  the  important  range  for  water. 

Hydrogen 1.83 

Argon 2.17 

Nitrogen 2.45 

Oxygen 2.68 

Carbon  bi-sulphide 2.83 

Chloroform 3.00 

Ether 8.15 

Propylaoetate 8.80 

Ethyl  alcohol 4.05 

He  gives  also  a  series  of  curves,  Fig.  3,  which  seem  to  show  a  strai(^t 

line  relation  between  log  —and  (-=?— 1). 

P  \T       / 

18  If  the  van  der  Waals  equation  were  true  for  all  these  sob- 
stances,  the  lines  would  all  be  straight  line3;  and  if  a  were  constant 
they  would  be  superposed.  Applying  the  equation  to  eaturatod 
steam  and  finding  the  values  of  a  corresponding  to  dififerent  redooed 

^Continuitat  der  gasf5rmigen  und  fltlssigen  Zuatandes,  p.  147. 
['Gottingische  Naohrichten,  Math.-Phys.  Elasae  1000. 
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temperatures,  it  becomes  evident  at  once  that  a  is  not  a  constant,  but 
varies  as  in  the  curve,  Fig.  4.    This  curve  goes  through  a  minimmti 


a  varies  with  -=^  according  to  the  equation 
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Fio.  3  CuBTxa  Showing  Applicabilitt  of  tact  deb  Waau  Equation  to 
(1)  HTDBoarar,  f2}  Aboon,  (3)  Kbtpton,  (4)  OzroaM,  (5)  Cabson  Bi-Sol- 
PBiDB,  (0)  Fltjobbbnxol,  (1)  Ethxr,  (S)  FbopiiiAcveatb,  (9)  Ethtl  Au)obol, 
TAXXM  nou  Nbbmbt 

where  b,  c  and  ci  are  constants.  By  a  few  trials  it  was  found  that 
0.7875  gave  somewhat  better  results  than  the  approximate  value  of 
0.78  in  the  last  term.  The  van  der  Waala  equation  as  modified  for 
the  variation  of  a  becomes 

^r       ....     -     ..IT 


[l+c|  +  <l( 


-0.787S 


>](^0 


St-  „|^.-r.j,_-r»(^y_- 

19    This  equation  is  very  sensitive  to  slight  variations  in  the  as- 
values  of  the  critical  constants.     Assuming  the  critical  pres- 
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sure  to  be  3200  lb.  per  sq.  in.,  the  corresponding  critical  tei 
which  was  found  to  give  calculated  results  in  closest  accon 
experimental  results  was  706.1  deg.  fahr.    A  variation  ( 

TABLES      EXPERIMENTAL    AND    CALCULATED    PRESSURES  OF   E 
STEAM  FROM  400  DEO.  FAHR.  TO  THE  CRmCAL  TEMPERAI 


PBaasimBB,  Lb.  pbb  Sq.  Iw. 


Temperaturta, 
Deg.  Fahr. 


Dbyiaixom  of  Fc 
HOLBOBM    Ain> 


CalUetet  and     Holbom  and  ,  ^     «         in.         or 
Colardeau  Baumana        ^^  ^^"^"^  Lb.pwSq.In. 


400 

247.1 

246.99 

247.10 

+0.11 

410 

276.4 

276.34 

'         276.47 

+0.18 

420 

308.4 

308.33 

308.47 

+0.14 

430 

343.2 

843.18 

,         843.26 

+0.08 

440 

380.8 

380.92 

381.02 

+0.10 

450 

421 

1 

421.85 

421.87 

+0.02 

460 

465 

465.95 

466.04 

+0.09 

470 

573 

513.65 

513.66 

+0.01 

480 

565 

565.08 

564.93 

-0.15 

490 

622 

620.18 

620.05 

-0.18 

500 

684 

679.26 

'         679.18 

-0.08 

510 

751 

742.55 

742.56 

+0.01 

520 

822 

810.31 

810.37 

+O.06 

530 

897 

882.58 

882.82 

+0.24 

540 

977 

959.85 

960.15 

+0.80 

540 

1062 

1042.2 

1042.6 

+0.4 

560 

1152 

1130.2 

1130.3 

+0.1 

570 

1247 

1223.7 

1223.7 

0 

580 

1349 

1323.0 

1322.9 

-0.1 

590 

1458 

1428.3 

1428.1 

-0.2 

600 

1574 

1539.9 

1539. S 

-0.1 

610 

1697 

1657.8 

1658.1 

+0.8 

620 

1827 

1782.9 

1783.3 

+0.4 

630 

1965 

1915.3 

1915.9 

+0.6 

640 

2111 

2055.1 

2056.0 

'         +0.9 

650 

2265 

2203.1 

2204.2 

!            +^-^ 

660 

2428 

2359.2 

2360.5 

'         +1.8 

670 

2599 

2523.4 

2525.6 

+2.2 

680 

2697.1 

2699.7 

+2.6 

690 

2882.3 

2883.3 

+1.0 

700 

3080.4 

3076.8 

-3.6 

706.1 

3200.0 

3200.0 

0 

fahr.  in  the  assumed  critical  temperature  has  a  very  mai 
on  the  calculated  pressures  at  the  highest  temperatures, 
of  the  critical  temperature  given  by  Holborn  and  Bauman 
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deg.  fahr.,  but  it  is  certain  that  their  method  cannot  give  results 
which  are  reliable  to  within  a  few  tenths  of  a  degree.  It  is  probable 
that  an  equation  which  fits  the  experimental  facts  for  a  range  of  over  600 
deg.  fahr.  may  be  extrapolated  with  some  certunty  for  20  deg.  or  30 
deg.  In  obtaining  the  constants  in  the  equation  it  was  consequently 
assumed  that  the  critical  temperature  was  706.1  deg.  fahr.  or 

T  =  706.1  deg.  +  459.64  deg.  fahr. 

After  numerous  trials  the  foUowii^  equation  was  finally  adopted 

log^  =  3.006854  /  .^  -  i  Ul  -I-  0.0505476  y 


+  0.629547  (^  -  0.7876 Y] 
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Inserting  the  chosen  values  of  the  critical  constants  this  reduces  to 

l(^p  =  10.515354  -  4873.71  T"'  -  0.00403096  2*  + 

0.000001392964  T^ 

20  The  agreement  of  the  pressures  calculated  from  this  equation 
with  the  experimental  results  of  Holborn  and  Baumann  is  very  strik* 
iog  and  is  shown  in  Table  3,  which  gives  the  calculated  pressures  and 
the  differences  from  bhe  experimental  results,  expressed  both  in  lb. 
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per  sq.  in.  and  in  percentages.     It  will  be  seen  that  from  400  deg.  to 
650  deg.  the  difference  is  nowhere  so  great  as  ^  of  1  per  cent,    fiom 


Paann,  Is.  raa  Sq.  li 


D.ino 

0.9U 
>.TU 


650  deg.  to  the  critical  temperature  the  maximum  difference  is  sli^tlf 
greater  than  A  of  1  per  cent  but  becomes  zero  at  the  critie*! 
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Fia.  6  CuBVG  Showino  Difference  betwkbk  Calculatsd  Paxsautl  fr 
AND  Observed  Presburb  p  fob  Tempebatubb  Ranqi  ntou  400  sao.  ViHL 
TO  THE  Critical  Teuperatdbe 

temperature.  The  curve,  Fig,  5,  shows  the  differences  in  lb.  per  sq. 
in.  It  is  probable  that  but  little  weight  should  be  given  to  the  diSo^ 
ences  in  the  neighborhood  of  the  critical  temperature  in  view  of  tin 
decreasing  accuracy  of  the  experimental  results  in  that  vicinity. 
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21  Below  400  deg.  fahr.  the  agreement  of  the  equation  with  the 
experimental  results  is  shown  in  Table  4.  The  experimental  results 
are  those  of  Holbom  and  Henning  from  120  deg.  to  400  deg.,  and  of 
Regnault  and  other  investigators  below  120  deg.  The  differences 
are  very  small  as  expressed  in  lb.  per  sq.  in.,  but  amount  nearly  to 
•^  of  1  per  cent  in  some  cases.  These  differences  are  not  greater 
than  the  variations  among  the  best  experimental  values  in  thb 
part  of  the  temperature  range.  For  example,  the  new  and  excel- 
lent work  of  Scheel  and  Heuse  gives  a  pressure  of  0.088444  lb.  at 
32  deg.  fahr.  as  against  0.0886  lb.  given  in  Table  4  (from  Regnault's 
work)  and  0.088563  lb.  calculated  from  the  equation. 

22  The  equation  given  in  Par.  19  has,  it  b  believed,  the  advantage 
over  previous  equations  of  greater   simplicity,  greater   accuracy, 

and  also  of  the  great  ease  in  finding  37  for  use  in  the  Clapeyron 

at 

equation. 

23  I  am  indebted  to  H.  J.  Macintire,  Jim.Am.Soc.M.E.,  for 
most  of  the  numerical  work  in  obtaining  the  equations. 

DISCUSSION 

W.  D.  Ennis.  If  in  Fig.  2  the  lengths  of  the  approximately  hori- 
Bontal  portions  of  the  curves  are  measured,  the  following  is  obtained: 
At  704.1  deg.  fahr.,  1)  squares;  at  705.3  deg.  fahr.,  3  squares;  at 
706.3  deg.  fahr.,  )  square.  Since  the  critical  temperature  is  that 
at  which  the  horizontal  portion  becomes  zero,  the  inference  is  justi- 
fiable that  that  temperature  is  not  far  from  706  deg.  The  706.1  deg. 
assumed  in  the  final  formula  in  Par.  19  has  a  sufficient  basis,  and  the 
old  value,  689  deg.,  is  certainly  too  low. 

Professor  Marks  may  perhaps  be  able  to  state  from  his  examina- 
tion of  the  Holbom  and  Baumann  research,  whether  the  abscissae 
in  Fig.  2  are  volumes  as  well  as  times.  If  so,  the  lengths  of  the  hori- 
Kontal  portions  of  the  curves  should  steadily  decrease  as  the  temper- 
ature increases.  The  measurements  given  indicate  that  they  do  not 
ateadily  decrease. 

The  final  equation  for  pressure-temperature  is  in  a  particularly 

useful  form.    Numerical  values  for  the  derivative  -~  may  be 

of 

obtained  therefrom  with  a  minimum  of  computation.  In  this  respect 
the  new  formula  is  far  superior  to  that  of  Thiesen  or  to  the  old  equa- 
tions of  the  form 

log  p=^a^bcP—e§^ 
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where  n  is  a  function  of  the  temperature,  or  even  to  the  Ranldne 
equation  in  which  log  p  is  a  function  of  the  —1  and  —2  powers  of 
the  temperature.  The  accuracy-  of  the  equation  surpasses  its  con- 
venience, and  within  the  most  extreme  range  of  power  engineering 
the  agreement  with  recent  tabular  values  may  be  regarded  as 
exact. 

R.  C.  H.  Heck.  T^o  3'ears  agothe writercompared variousdataas 
to  the  pressure  of  steam  at  high  temperatures,  and  traced  a  curve 
which  seemed  to  show  the  most  probable  trend  of  the  true  relation. 
On  the  appearance  of  the  Holbom-Baumann  determination  a  year 
later,  the  assumed  curve  was  found  to  be  well  justified  up  to  1000  lb. 
pressure,  or  to  550  deg.  fahr.,  which  is  about  as  far  as  there  is  any 
real  use  in  attempting  to  extend  the  steam  table.  The  whole  com- 
parison, Hg.  6,  seems  worthy  of  a  place  in  connection  with  Ptofeesor 
Marks'  paper. 

The  only  satisfactory  way  to  handle  such  a  discusdon  is  to  take 
a  mathematical  formula,  the  simpler  the  better,  which  follows  the 
general  trend  of  the  experimental  values,  and  plot  the  small  depar- 
tures from  that  equation.  Following  Henning,^  the  formula  of  lliie- 
sen  was  used,  with  some  modification.  It  is  preferably  written  in 
the  general  form 

Pa  i  i 

in  which  p^  is  the  pressure  of  the  atmosphere,  t^  the  corresponding 
temperature,  ^o  the  critical  temperature,  taken  as  365  deg.  cent, 
or  689  deg.  fahr.,  and  T  is  absolute  temperature  at  L  The  coefficient 
A  is  the  same  with  either  thermometric  scale,  but  the  centigrade 
value  of  B  must  be  divided  by  1.8*  when  changing  to  fahrenbeit 
temperatures. 
The  original  Thiesen  coefficients  were 

.1=5.3807,  B  =  0.508X10-«(0.87106X10-*) W 

The  writer  found  that  by  changing  these  to 

A  =  5.3807,  B  =  0.540  X 10-'  (0.92593  X  lO**) 13] 

an  almost  perfect  agrecineut  with  the  Holbom-Henning-  determina- 
tion from  100  to  200  dog.  cent,  was  secured,  as  appears  in  Table  5. 

>  Annalen  der  Phyeik,  1007.  vol.  22,  pp.  609-630. 
*AnnaIen  d<»r  Physik,  190S,  vol.  26,  pp.  833-883. 
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In  wba,ii  foUowa,  equation  [1]  with  these  conBtants  will  be  called 
Formula  A. 
As  Doted  in  the  paper,  Holbom  and  Baumaan>  used  the  values 
A  =  5.3867,  B=0^262X10-' U] 
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'Anoaien  der  Phyeik,  1910,  vol-  31,p.  945 
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As  a  foundation  for  the  comparison  in  fig.  6,  the  first  or  principal 
term  of  the  second  member  of  Thiesen's  equation  was  used  to  calcu- 
late a  reference  pressure  p^  The  coefficient  A  was  changedi  by 
trial,  with  the  purpose  of  keeping  the  range  of  data  near  to  the  rrfei^ 
ence  line,  and  was  fixed  at  5.52.    From  the  formula 


[5] 


were  computed  values  of  p'.    Then  at  any  temperature  I  and  preB> 

sure  p,  the  ratio  ~7is  plotted  to  the  scale  at  the  bottom  of  Fig.  6;  or,  in 

effect,  the  difference,  p— p',  b  laid  off  as  a  fraction  or  percoitage  of 
p^  the  latter  just  reaching  to,  or  being  represented  by,  the  veiti- 
cal  line  AA.    Thus  to  plot  differences  as  percentages  makes  the 


TABLE  5   TRIAL  OF  FORMULA  A 

Preamire  p.  In  Mm.  of  Mereuxy ;  Column  HH,  from  Holbora-Hennliis  T^bte;  <'^'*»"-**  Ibim.  by 
Fonnula 


Dec  Cent. 

no 

120 
130 
UO 
160 


P 


1074.5 
U88.0 
2025.0 
2700.5 
3568.7 


P 
Fonn. 


1074.53 
1480.00 
2025.71 
2700.07 
3568.77 


Dec  Cent. 

160 
170 
180 
100 
200 


p 

P 
FbiB* 

463S 

6017 

6ia.i 

6616.4 

7614         I  7iU.6 

M04         I  M04.1 

11647  11617.1 


scheme. of  comparison  equally  sensitive  over  the  whole  range  of  tem- 
perature. The  scale  of  p'  will  give  an  approximate  idea  of  the  vari- 
ation of  pressure  with  temperature^  obviating  the  need  of  referring 
to  some  table  when  examining  the  diagram.  Naturally,  Fonnuli 
A^would  have  given  a  preferable  reference  line,  but  the  work  wii 
largely  completed  before  that  formula  was  established. 

The  various  data  are  named  on  Fig.  6  in  chronological  order,  and 
may  be  briefly  described  as  follows: 

Battelli^  fixed  two  sets  of  constants  for  the  Biot  formula  (the  oni 
which  Regnault  preferred) 

log  p  =  o  +fca*  +C/3* W 

These  change  at  250  deg.  cent.,  but  the  plot  shows  that  the  two 


^Memorie  d.  reale  Accad.  d.  Scienze  di  Torino,  1891,  vol.  41;  aodlM^ 
vol.  43. 
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tiona  decidedly  fail  of  oontinuity.  With  the  upper  section  are  g^ven 
the  experimental  points  on  which  it  was  based. 

The  Cailletet-Colardeau^  measurements,  from  225  deg.  cent,  up- 
ward, show  a  sudden  jog  of  about  1.5  per  cent  near  250  deg.,  then 
proceed  very  regularly.  With  these  points  is  traced  a  broken  line 
from  the  high-temperature  end  of  the  Marks  and  Davis  tables. 

The  Ramsay- Young'  experiments  rim  only  to  270  deg.  cent.,  but 
are  entbely  consistent.  In  the  fixing  of  the  writer's  curve  they  were 
given  predominant  weight,  as  against  any  tendency  to  make  the 
curve  rise  to  the  Cailletet-Colardeau  plot. 

The  experiments  of  Enipp'  do  not  deserve  a  place  among  data 
worthy  of  serious  consideration. 

A  few  observations  reported  from  the  original  De  Laval  turbine 
works  at  Stockholm^  run  below  Formula  A,  or  the  extended  HH 
curve.  With  these  are  given  some  points  computed  from  the  Roche 
formula  (Regnault's  K),  recommended  by  Moss* 

logp-A         p [71 

•B  ■"  TS" 

T 

where  A,  B  and  C  are  constants  and  T  is  absolute  temperature.  This 
evidently  nms  low. 

The  writer's  extended  curve  H  was  based  upon  the  modified  Thie- 
sen  equation,  Formula  A.  The  latter  gives  the  dotted  curve  marked 
HH.    The  character  of  the  deflection  was  determined  by  adopting 

a  smooth  and  gradually  increasing  departure  of  the  derivative  -^ 

dt 

from  the  range  of  values  computed  by  Formula  A,  then  working  back 
to  the  primitive.  The  general  idea  was  to  parallel  the  trend  of  the  CC 
points,  and  to  aim  at  the  middle  of  the  group  of  B  points  near  the 
critical  temperature. 

The  Holbom-Baumann  experiments  are  plotted  as  points,  and  with 
them  is  drawn  the  curve  of  Marks'  adapted  van  der  Waals  equation, 
from  Table  3,  column  4.  Of  course,  this  last  determination  super- 
cedes all  others,  as  a  statement  of  scientific  fact.  The  writer,  having 
made  out  a  smooth  and  consistent  extension  of  the  steam  table  up 

1  Annales  de  Chimie  et  de  Ph3rsique,  1892,  series  6,  vol.  25,  pp.  519-^534. 

»PhiL  Trans.  Roy.  Sec,  1892,  vol.  193A,  pp.  107-130. 

•  Physical  Review,  1900,  vol.  11,  pp.  129-154. 

« Engineering,  1907,  vol.  83,  p.  1. 

» Physical  Review,  1908,  vol.  26,  pp.  439-447. 
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to  550  deg.  fahr.,  is  gratified  to  find  that  the  absolute  error  at  this 
upper  limit  of  usefulness  does  not  exceed  0.25  per  cent.  A  difference 
of  1.25  per  cent  at  the  critical  temperatiu-e  and  the  rising  of  the 
latter  by  17  deg.  fahr.  can  be  viewed  with  equanimity. 

It  is  of  interest  to  note  that  Holbom  and  Baumann  measured 
pressures  with  a  weighted  plunger.  The  earlier  experiments  were 
made  with  a  closed  mercury  manometer;  at  very  high  pressures, 
the  compression  of  the  air  above  the  mercury  column  becomes  voy 
much  the  major  component,  and  the  difSculty  of  precise  determina- 
tion increases  rapidly. 

The  Authob.  The  author  is  glad  that  Professors  Ennis  and 
Heck  concur  in  his  opinion  that  the  pressure-temperature  relations 
of  saturated  steam  may  now  be  regarded  as  practically  settled  for 
all  purposes  of  the  engineer  by  the  investigations  reported  in  this 
paper.  It  is  now  possible  to  eliminate  from  the  steam  tables  one 
of  the  most  considerable  of  the  hitherto  existing  uncertainties. 

In  reply  to  the  question  of  Professor  Ennis,  the  abscissae  in  Kg. 
2  do  not  accurately  represent  volumes.  They  represent  timeSi  and 
the  times  depend  primarily  upon  the  rate  of  leakage  past  the  weighted 
plunger  which  was  used  for  measuring  pressures.  It  is  not  possible 
to  base  any  quantitative  deductions  upon  measurements  of  the  ab- 
sci.-'sae  of  Fig.  2. 

It  is  inte:esting  to  see  that  the  conclusions  to  which  Professor 
Heck  h&s  come,  as  a  result  of  his  careful  examination  of  the  earlier 
in\'estigations,  ai  e  in  such  ckse  accord  with  the  latest  investigations, 
and  that  they  are  a  demonstration  of  the  value  of  such  analysis. 
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PRESSURE-RECORDING  INDICATOR  FOR 

PUNCHING  MACHINERY 

Bt  Prof.  Gardner  C.  Anthony,  Tufts  (}ollbcqS|  Mass. 

Member  of  the  Society 

The  design  of  this  device  was  assigned  as  the  subject  for  a  mechani- 
cal cJ^gineering  thesis  at  Tufts  College,  in  the  endeavor  to  determine 
such  Values  as  the  maximum  pressures  for  which  punching  machines 
should  i)e  designed,  the  point  of  maximum  stress  in  the  punching  of 
plates,  the  advantages  to  be  derived  from  the  use  of  shearing  punches, 
and  the  effect  of  increased  clearance  between  punch  and  die  on  the 
°^*3^iixxum  stress  and  the  effect  of  time  on  the  flow  of  metal  in 
punching. 

^  The  apparatus  was  designed  to  enable  indicator  diagrams  to 
^  t^en  under  the  conditions  of  actual  shop  practice  by  applying 
the  mechanism  to  pimching  machinery  now  in  use.  It  was  first  used 
'^  May  1909,  at  the  New  England  Iron  Works,  South  Boston, 
'^We  it  was  applied  to  a  Bisbee-Endicott  lever-tjrpe  punch,  for  which 
Jt  Was  designed.  Tests  were  made  on  plates  of  i  in.,  A  in.  and  J  in. 
"^ckness,  with  punches  of  i  in.,  f  in.  and  J  in.  diameter. 

3  Only  such  tests  were  made  at  that  time  as  were  deemed  neces- 
^^•^  to  demonstrate  the  efficiency  of  the  apparatus,  since  before 
.applying  it  to  a  series  of  tests  it  was  thought  desirable  to  compare  the 
''^dicator  diagrams  already  taken  with  those  which  might  be  obtained 
J^^^  its  application  to  a  testing  machine,  as  illustrated  in  Fig.  1. 
^hia  ^as  done  in  June  1910,  when  it  was  applied  to  a  60,000-lb. 
^Isen  testing  machine.  The  results  demonstrated  the  desirability 
^f  Continuing  the  experiments  on  this  machine,  since  there  was  but 
^  slight  variation  in  the  cards,  due  to  the  increased  time  of  punching, 
^hile  a  much  greater  range  of  speeds  was  possible. 
^      The  number  of  tests  now  made  are  insufficient  for  conclusive 


-Presented  at  the  Spring  Meeting,  Pittsburgh  1911,  of  The  American 
^^ociETY  OF  Mechanical  Engineers. 
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evidence  concerning  the  problems  relating  to  shearing  stresses,  but 
it  was  thought  demrable  to  present  tliis  application  of  an  indicate 
as  a  useful  addition  to  recording  devices  for  testing  machines,  and 
to  give  some  results  of  tests  already  made  for  the  purpose  of  stimulating 
experimental  work  in  this  direction. 


Fia.  1    pBXSSiTBK-IlwoBDiiia  Appakatub  Appubd  to  TMrnro 


5  The  principle  employed  in  the  design  of  the  pressiuv-recordio^ 
mechanism  was  that  of  the  Emery  testii^  machine,  save  that  tb^ 
hydraulic  chamber  communicates  directly  with  an  ordnance  indicttar^ 
as  in  Fig.  2,  which  shows  a  cross-section  of  the  compreauon  cyliudtf* 
with  the  indicator  attached  and  the  motion  mechanism  bolted  to  the 
croBshead  of  a  punching  machine.  The  die  N  is  clamped  to  a  [HitQtt 
P,  which  rests  on  a  thin  diaphragm  D  enclosing  a  small  volume  of  ul, 
the  pressure  of  which  is  recorded  by  the^indicator.  The  piston  his  u 
area  of  50  sq.  in.  and  is  guided  by  two  annular  steel  disks  fixed  betwsai 
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rings  E  and  F  and  K  and  L.  These  serve  to  centralize  the  piston  and 
to  eliminate  all  frictional  losses  due  to  surface  contact.  The  die 
N  is  held  in  place  by  an  interrupted  screw  S,  by  means  of  which  the 
die  can  be  removed  quickly  and  the  burs,  or  punchings,  removed  from 
the  space  below.  The  diaphragm  is  made  of  sheet  brass  0.007  in. 
thick  and  iBtted  to  the  grooved  space  0,  at  which  place  the  pressure 
chamber  is  made  tight  by  a  lead  packing  ring.  An  air  valve  and  an 
indicator  pipe  communicate  with  this  space.  The  recess  on  the  lower 
face  of  the  piston  serves  to  make  the  diaphragm  taut  by  being  forced 
into  place  when  first  under  pressure,  and  also  permanently  to  center 
the  piston.  The  piston  and  die  have  a  possible  motion  of  0.025  in., 
the  limits  being  determined  by  the  lower  ring  F  and  the  inner  fiange 
at  the  bottom^'of  the  cylinder.    Only  a  small  part  of  this  motion  is 


? 


\ 


Fxa.  4    Ttpb  of  Shbabino  Punch  Used 

necessary,  since  the  ratio  of  pressure  piston  to  indicator  piston  is 
2000  to  1. 

6  Fig.  3  illustrates  an  oil  tank,  pump,  gage  and  pipe  connections 
to  enable  the  operator  to  insure  a  supply  of  oil  under  slight  pressure 
before  each  operation  and  to  provide  for  a  slight  loss  through  leakage 
by  the  indicator  piston.  The  general  arrangement  of  these  fixtures 
is  more  clearly  shown  in  Fig.  1,  which  illustrates  the  mechanirai 
applied  to  the  Olsen  testing  machine. 

7  The  motion  mechanism  for  indicating  the  travel  of  the  punch 
in  the  plate  is  attached  to  the  crosshead  of  the  testing  machine  or  < 
punching  machine.  It  consists  of  an  arc  T  and  a  wheel  R  (Ilg.  3), 
operated  by  a  metallic  band  connection  between  the  latter  and  the 
£nger  V,  which  is  set  in  motion  by  contact  with  the  plate  to  be 
punched.    The  indicator  motion  ratio  is  5.5  to  1. 

8  Special  punches  and  dies  were  made  for  these  tests,  both  fiat 
and  shearing  punches  being  used.  The  latter  were  of  the  type  illus- 
trated by  Fig.  4.   No  lubricant  was  used  in  these  tests. 
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No.1  Die  0.529  Plate  OStS! 
Punch  F  4001b.  Spring 


No.3  Die  0.529  Plate  OJt57 
Punch  F  400.1b.  Spring 


Ko.O  Die  0.664  Plate  OJ257 
Punch  F  500-lb.  Spring 


No.38  Die  0.654  Plate  0J57 
Punch  F  500-lb.  Spring 


No.39  Die  0.654  Plate  OJ257 
Punch  F  500-lb.  Spring 


No.40  Die  0.654  Plate  0257 
Punch  F  500'Ib.  Spring 


No.7  Die  0.654  Plate  0.257 
Punch  N  oOO-lb.  Spring 

F'lo.  5     Specimen  Diaqrams  from  Rscobd: 


Reduced  30  per  cent 
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i 

I 

ii 


KoJSd  Die  0.767^Plate  0.315 
Punch  F  5001b.  Spring 


No.34  Die  0.767  Plate  0.315 
Punch  F  fiOO-lb.  Spring 


No.d6  Die  0.767  Flute  0.315 
Punch  F  500-lb.  Spring 


No.41  Die  0.767^1atea815 
Punch  S  fiOO-lb.  Spring 


No.a  Die  0.767  Plate  0.315 
Punch  5  SOO-lb.  Spring 


No.48  Die  0.767  Plate  0.815 
Punch  8  500-lb.  Spring 


No.19  Die  0.767  Plate  0.500 
Punch  F  800-lb.  Spring 

Fig.  6    Spbcxmbh  Diagrams  from  Rioordbr 


Reduced  30  per  cent 
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9  Before  taking  a  card,  a  datum  line  of  zero  pressure  was  drawn, 
after  which  the  oil  pump  was  used  to  obtain  a  slight  pressure  in  the 
compression  chamber  before  operating  the  punch.  The  series  of 
diagrams  shown  in  Ilgs.  5  and  6^were  reproduced j.froin  mdicator 
cards,  verticals  being  drawn  in  correct  relation  to  the  diagrams  to 
indicate  the  thickness  of  the  plate  at  the  enlarged  scale  produced  by 
the  motion  mechanism.  Flat  punches  are  designated  by  F  and 
shearing  punches  by  S.  Cards  numbered  less  than  20  were  taken  on 
the  Bisbee-Endicott  punching  machine  operated  under  normal  condi- 
tions. Cards  numbered  more  than  20  were  taken  on  the  Olsen  testing 
machine.  When  punching  on  the  testing  machine  the  stresses  were 
frequently  checked  by  reading  the  pressures  from  the  scales  of  the 
machine. 

10  No.  3  is  a  characteristic  card  taken  while  punching  a  \Asl 
mild  steel  plate  with  a  ^-in.  flat  punch  on  the  Bisbee-Endicott  machine. 
The  inclined  line  at  the  left  indicates  the  pressure  required  to  force  the 
point  of  the  punch  into  the  plate,  which  in  this  case  is  about  1000  lb. 
The  maximum  stress  is  obtained  at  about  6  per  cent  of  the  thickness  of 
the  plate  and  is  23,000  lb.    This  would  make  the  shearing  stress  about 
57,000  lb.  per  sq.  in.    The  continuance  of  the  pressure  to  the  right  of 
the  plate  indicates  the  force  necessary  to  push  the  bur  through  the  die. 
Previous  to  taking  card  No.  3  the  punching  machine  was  ojieratedby 
hand  to  test  the  adjustment  of  the  apparatus  and  card  No.  1  was  taken. 
In  this  case  the  pressure  under  the  diaphragm  was  raised  to  about 
50  lb.  before  starting  to  punch,  which  will  account  for  the  abrupt 
termination  of  both  ends  of  the  card.    The  maximum  stress  is  the  same 
as  that  indicated  in  No.  3,  but  occurs  at  about  15  per  cent  of  the  thick- 
ness of  the  plate,  due  to  the  increase  in  the  time  of  the  operation. 

1 1  The  effect  on  the  maximum  stress  caused  by  an  increase  in  the 
time  for  the  passage  of  the  punch  through  the  plate  is  shown  by  canb 
Nos.  9,  38,  39,  and  40,  in  which  the  range  is  from  about  \  sectoS} 
min.  There  is  no  apparent  cause  for  the  rise  in  the  maximum  streseof 
No.  40  and  it  is  possible  that  the  error  is  in  No.  39. 


TABLE  1    EFFECT  OF  TIME  ON  MAXIMUM  8TRB88 


No. 


0 
38 
39 
40 


Time, 
See. 


k 

80 
810 
4M 


Maximum  StreH 


81.000 
80.000 
86,800 
16,000 


of  pistoat 


10 
U 

u 

It 
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12  Card  number  7  shows  the  effect  of  using  a  shearing  punch  under 
coiwfitions  identical  with  No.  9. 

13  The  effect  on  the  stress  produced  by  increasing  the  clearance 
between  the  die  and  punch  is  shown  by  the  accompanying  table  and 
^^  Nos.  33  to  43.  The  'tests  were  'made  |on  the  Olsen  machine, 
*®Dg  a  die  of  diameter  0.767  in.  and  punching  a  plate  0.315  in.  thick. 

TABLE  3    EFFECT  OF  CLEARANCE  ON  MAXIMUM  STRESS 


^    !  Type  of  Punch      Dtemetw  of  Punch. 

I  In. 


Clearance,* 
In. 


M 

IB 
tt 


P 
F 
P 

8 

a 
a 


o.7oa 

0.788 
0.750 
0.709 
0.788 
0.750 


Maximum  StrCH 


0.088 
0.089 
0.017 
0.086 
0.088 
0.017 


88,000 
88.000 
84.500 
88,500 

84,000 
84.000 


^DaflMWMe  In  diameters. 


14  No.  19  is  a  card  taken  while  punching  a  ^-in.  plate  of  mild  steel 
wAii  a  f-in.  flat  punch  on  the  Bisbee-Endicott  machine.  This  illus- 
trates the  effect  of  a  small  clearance  on  the  force  required  to  remove 
the  bur,  as  the  difference  in  diameters  of  punch  and  die  was  but  0.017 


m. 


ADDENDUM 

15  Since  the  publication  of  this  paper,  the  pressure-recording  device 
^  been  quite  thoroughly  tested  by  Messrs.  G.  E.  Couillard  and  W, 
M.  Edmonstone,  students  of  Tufts  College,  for  determining  the  max- 
"^um  stresses  produced  in  steel  plate,  its  shearing  value,  the  eflFect 
OQ  this  value  by  increasing  the  clearance  between  punch  and  die, 
^d  the  relative  eflSciency  of  various  types  of  punches. 

16  At  first  there  arose  the  question  of  the  error  due  to  the  irreg- 
'^ty  in  the  pressure  line  caused  by  the  viscosity  of  the  oil,  and  a 
^es  of  calibrations  was  made  to  correct  the  errors  in  previous  exper- 
iments with  this  apparatus.  This  use  of  an  indicator  has  not  been 
^  approved  one,  and  our  experiments  showed  too  great  an  irregu- 
l^ty  in  the  pencil  movement  because  of  the  slow  motion  of  the  punch 
^  the  testing  machine.  It  was  then  discovered  that  a  continued 
^>ping  of  the  indicator  cylinder  during  the  process  of  punching  elim- 
"^ted  this  error  most  completely,  leaving  us  a  constant  for  the  vari- 
*woii  in  the  spring  during  the  upward  movement  and  another  con- 
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stant  for  the  downward  movement.  As  these  calibrations  were  n 
several  times  during  the  pmiching  tests,  any  slight  variation  du 
the  differences  between  old  and  new  oil  was  noted.  There  ^ 
such  differences,  although  but  slight.  With  reasonable  care  in  < 
bration,  which  in  a  series  of  tests  is  very  quickly  made,  I  bdieve  1 
the  error  due  to  the  indicator  should  not  be  greater  than  2  per  c 
and  this  is  less  than  the  observed  reading  on  the  beam  of  the  tee 
machine. 

17  Another  check  was  applied  by  connecting  a  2000-lb.  gage  ^ 
the  oil  space.  This  served  for  calibration  as  well  as  for  the  reai 
of  maximum  pressures. 

18  A  600-lb.  spring  was  used  for  all  tests  having  a  maziD 
pressure  of  1220  lb.  to  the  square  inch  and  equivalent  to  a  pres 
of  61,000  lb.  on  the  pimch. 

19  The  series  of  tests  alluded  to  were  made  on  mild  steel  i 
of  60,000  lb.  tensile  strength,  having  an  elastic  limit  of  about  87 
lb.  Plates  of  i,  i^y  h  iVy  iy  ^^^  f  in.  were  used  and  punches  c 
f ,  and  }  in.  nominal  diameter,  variations  in  these  siies  being  n 
to  obtain  clearances  between  punch  and  die  diameter  of  0. 
0.030,  0.060. 

20  Observations  on  the  shearing  stress  per  square  inch,  u 
the  minimum  clearance  between  die  and  punch,  and  figuring 
shearing  area  as  the  circmnference  of  the  die  multiplied  by  ti 
ness  of  plate,  showed  a  remarkable  difference  between  the  }-in.  i 
and  all  thicker  plates,  the  former  having  a  shearing  value  of  59 
while  the  i^  to  f  plate  averaged  but  45,800.  All  curves  draw 
the  stresses  showed  great  regularity  from  i^  in.  to  f  in.  thick 
but  the  ratio  between  J  and  ^  being  in  all  cases  much  greater. 

21  The  reduction  in  the  maximum  pressure  due  to  incres 
the  clearance  between  pimch  and  die  proved  very  interesting.  Asi 
ing  the  ^in.  flat  punch  with  minimum  clearance,  0.015  as  the  I 
the  punching  pressure  was  reduced  7^  per  cent  by  doubling 
clearance  and  15  per  cent  by  quadrupling  this  clearance.  This 
centage  was  much  less  with  larger  punches. 

22  Three  classes  of  shearing  punches  were  used,  the  spiral 
outside  bevel,  and  an  inside  bevel,  and  comparative  tests  were  n 
between  these  and  a  flat  punch  in  the  pimching  of  nearly  500  h 
On  the  i-in.  plate  the  decrease  in  pressure  by  the  use  of  a  shea 
punch  varied  from  6  per  cent  with  minimum  clearance  to  less  th 
per  cent  with  maximum  clearance.  On  plates  thicker  than  : 
there  was  an  increase  in  the  shearing  pressure  which  in  scmie  c 
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was  as  great  as  34  per  cent.    Besides  this,  the  difficulties  of  stripping 
the  idate  were  greatly  increased. 

23  Althou^  the  device  in  question  does  not  afford  us  an  oppor- 
tanify  for  deriving  stripping  values,  we  have  made  some  observations 
m  this  subject,  and  although  very  incomplete,  it  is  of  interest  to 
note  that  the  force  required  to  strip  a  i-in.  plate  from  a  i-in.  punch 
▼aried  from  800  lb.  to  5  tons,  the  latter  value  being  with  a  shearing 
punch  and  maximum  clearance. 

DISCUSSION 

B.  C.  Cabfbntkb  said  that  although  the  paper  referred  to  the 
hydraulic  indicator,  it  seemed  to  be  an  ordinary  steam  indicator  of 
a  well-known  type,  and  the  author  did  not  state  what  means  were 
taken  to  prevent  leakage  in  the  indicator,  and  the  consequent  reduc- 
tion of  pressure.    The  drawings  indicate  that  the  volume  of  the  fluid 
whieh  acts  on  the  indicator  is  very  limited,  and  any  leakage  would 
niaterially  affect  the  results.    It  is  a  well-known  fact  that  indicators 
iiaed  under  such  conditions  are  very  likely  to  leak  or  to  stick,  and 
oKher  condition  would  have  quite  a  serious  effect. 

Julian  Ksnnbdt  believed  that  if  the  die  on  which  the  punching 
^^  done  were  mounted  on  a  steel  bar  of  suitable  length  and  fitted 
^>ith  a  multiplying  apparatus  for  measuring  the  deflection  of  the 
firing,  making  a  total  travel  of  about  |  in.  imder  the  heaviest  pres- 
sure, it  would  be  possible  to  obtain  more  accurate  results  than  with  a 
l^Tdraulic  piston.  There  is  no  other  means  of  measuring  strains  so 
^^seurate  as  a  tempered  steel  spring  with  exact  means  for  measuring 
ib  deflection. 

Tbi  Authob.  As  regards  the  leakage  to  which  Professor  Carpen- 
te  refers,  it  has  already  been  stated  that  the  amount  is  so  small  that 
Vnmte  has  been  maintained  for  a  period  of  eight  minutes,  as  shown- 
by  card  No.  40,  Pig.  5. 

An  indicator  spring  operating  under  such  conditions  will,  of  course, 
'^^  a  lower  pressure  than  when  operated  rapidly,  and  must  be 
^*l3)rated  for  this  speed  and  the  fluid  used.  Irregularities  which 
rt  fiiat  were  caused  by  the  sticking  of  the  piston  were  almost  entirely 
^lin^inated  by  the  continued  tapping  of  the  indicator  cylinder,  thus 
Q^Abling  us  to  obtain  a  very  great  degree  of  precision. 

^  Crosby  indicator  was  used,  of  the  type  catalogued  as  a  hydraulic 
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indicator.  We  have  since  checked  these  results  by  using  a  CroBby 
hydraulic  press  recording  gage  in  which  all  leakage  was  eliminated, 
and  the  results  from  the  latter  did  not  differ  from  the  former. 

In  using  the  pressure  indicator  on  a  punching  machine,  for  which 
it  was  designed,  the  rapidity  of  the  operation  suggested  the  use  of  an 
indicator  rather  than  a  recording  gage. 


No.    1320 

COMMERCIAL  APPLICATION  OF  THE  TURBINE 

TURBO-COMPRESSOR 

Bt  Richard  H.  Rice,  Ws»t  Lynn,  Mass. 
Member  of  the  Society 

The  General  Electric  C!ompany  recently  put  in  operation  at  the 
Oxford  Furnace,  N.  J.,  plant  of  the  Empire  Iron  &  Steel  Company, 
a  turbine-driven  air  compressor  (Fig.  1)  for  blowing  the  blast  fur- 
nace, which  is  the  first  installation  of  this  type  of  apparatus  to  be 
made  in  this  country. 

2  The  unit  consists  of  a  six-stage  compressor  operating  at  a  nor- 
mal speed  of  1650  r.p.m.  and  driven  by  a  direct-connected  four- 
stage  Ciuiis  steam  turbine.  The  design  is  such  that  this  normal 
speed  produces  a  blast  pressure  of  15  lb.  per  sq.  in.  The  unit,  however 
is  designed  to  regulate  the  volume  of  air  delivered  per  minute  so  as  to 
keep  the  rate  of  discharge  constant  at  any  value  determined  by  the 
furnace  superintendent  within  its  capacity.  The  manner  in  which 
this  is  accomplished  will  be  fully  described  in  the  sequel,  but  it  may 
be  said  here  that  the  regulation  is  by  means  of  speed  variations,  so 
that  the  machine  is  a  constant-volume,  variable-speed  apparatus,  and 
not  a  constant-speed  as  in  other  classes  of  blowing  units. 

3  The  compressor  has  six  stages  arranged  in  series,  so  that  the 
air  enters  at  the  end  nearest  the  steam-turbine  driver  and  passes 
successively  from  stage  to  stage  until  it  reaches  the  other  end  of  the 
compressor  casing,  where  it  enters  the  discharge  pipe.  The  impeller 
wheels  are  so  designed  that  there  is  no  unbalanced  end  thrust,  so 
that  the  ordinary  means  used  in  the  Curtis  turbine  for  locating  the 
rotating  elements  and  preserving  proper  clearances  are  sufficient  for 
the  entire  apparatus. 

4  The  air  is  cooled  in  each  stage  during  compression  and  also  in 
passing  between  stages  by  suitable  water  chambers  in  the  diaphragms, 
and  this  cooling  is  sufficient  to  maintain  the  compression  approxi- 
mately along  the  adiabatic  line. 

Presented  at  the  Spring  Meeting,  Pittsburgh  1911.  of  The  American  Soci- 
ety OF  Mechanical  Engineers. 
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5  No  TiIvM  or  rubbing  surfaces  are  used  in  the  compreesOT  con- 
itnictioa  and,  as  in  tlie  turbine,  the  rotating  elements  revolve  freely 
nth  ample  clearance  so  that  no  wear  or  deterioration  can  take  place; 
thoefore,  the  efficiency  of  compreeedon  must  remain  constant. 

6  Fortunatdy,  both  turbine  and  compressor  attain  th«r  best 
(ioency  undev  mmilar  conditions  as  r^;ards  rotating  speed,  making 
ti»  combination  a  logical  and  efficient  one.  Under  conditions  usu- 
ill;  nut  with  iu  blast-furnace  operation  involving  pressures  of  blast 
o(  10  to  30  lb.  per  eq.  in.,  the  efficiency  remuns  senrably  the  same.    A 
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^"n  of  effiqimcy  at  varying  volumes  is  shown  in  Fig.  2  and  above 
thiilai  beea  drawn  a  curve  of  speeds  and  pressures  which,  taken  in 
"WiMtion  with  the  first  named  curve,  shows  the  variations  of  effi- 
^■nywMh  pressure,  at  rated  volume. 

7  nUs  latter  curve  shows  graphically  the  variation  of  pressure 
witb  dunge  of  speed,  which  follows  the  law  of  squares;  that  is,  doub- 
St  ttta  q»eed  gjvea  four  times  the  pressure,  etc.,  from  which  it  will 
M  teen  th^  only  moderate  changes  in  speed  are  necessary  to  give 
'^'t'werable  changes  in  pressure.  It  is  these  changes  in  speed,  in- 
***Biig  or  decreasing  the  blast  pressure,  which  are  utilised  to  mun. 
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tain  a  constant  rate  of  flow  of  air  into  the  furnace,  against  the  vary- 
ing resistances  set  up  in  the  tuyeres  and  furnace  by  varying  furnace 
conditions;  as,  for  instance,  clogging  of  tuyeres  and  changes  in  the 
sixe  and  composition  of  the  charge,  temperatures,  etc. 

8  The  means  by  which  these  changes  of  speed  are  produced  in  the 
manner  necessary  to  keep  up  a  constant  rate  of  influx  of  air  per  min- 
ute is  shown  in  Fig.  3.  This  shows  a  steel  disc  d  sustained  on  the  in- 
flowing air  current  within  a  conical  enlargement  of  the  inlet  pipe.  By 
means  of  the  sliding  weight  a,  the  resistance  of  this  float  and  displace- 
ment by  the  air  current  is  adjusted  in  accordance  with  a  scale  on  the 
scale  beam  b  which  is  graduated  accurately  in  cubic  feet  per  minute 
to  read  volumes  of  free  or  atmospheric  air.  By  setting  this  weight 
at  the  graduation  corresponding  to  the  rate  of  discharge  of  air  de- 
sired, the  disk  is  caused  to  assume  a  position  in  the  conical  enlarge- 
ment c,  which  results  in  supplying  steam  to  the  turbine  in  quantity 
suflicient  to  establish  the  proper  speed  of  the  compressor  and  pres- 
sure of  blast  to  cause  the  required  flow  of  air  through  the  furnace.  In 
case  the  rate  of  air  flow  tends  to  decrease,  the  disk  d  sinks  to  a  lower 
point  in  the  enlargement  c,  since  the  supporting  air  current  decreases 
its  sustaining  power.  More  steam  is  by  this  admitted  to  the  turbine 
and  the  speed  is  increased,  resulting  in  increase  of  pressure,  and  this 
increased  pressure  reestablishes  the  desired  flow  of  air.  In  case  too 
much  air  tends  to  flow  into  the  furnace,  the  reverse  of  all  these  effects 
takes  place.  In  practice,  the  operation  of  this  device  is  most  regular 
and  satisfactory. 

9  This  method  of  governing,  by  the  .indications  of  a  properly  cali- 
brated scale  beam,  gives  an  entirely  new  instrument,  which,  in  the 
hands  of  a  skilled  furnace  manager,  will  undoubtedly  enable  improved 
results  in  furnace  operation  to  be  obtained,  since  an  accurate  knowl- 
edge of  the  amoimt  of  air  supply  is  always  at  hand  by  this  means. 

10  Such  knowledge  cannot  be  obtained  from  reciprocating  blow- 
ing engineSi  ance  the  expansion  of  air  in  clearance  spaces  causes  an 
error  increasing  in  amoimt  as  discharge  pressure  increases,  and  be- 
cause leakage  increases  with  increase  of  discharge  pressure,  and  the  slip 
Is  a  variable  and  uncertain  amount.  On  the  contrary  the  air  gover- 
nor is  unvarying  in  its  action,  and  will  not  change  its  indications  with 
time,  since  wear  and  leakage  are  absent. 

11  It  has  been  intimated  before  that  this  is  a  variablenspeed  ap- 
paratus. In  normal  blast-furnace  operation  pressure  may  vary 
6:0m  10  to  20  lb.  per  sq.  in.  These  pressures  require  speeds  in  the 
particular  apparatus  under  description  of  about  1500  for  10  lb.  pres- 
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sure  to  1800  for  20  lb.,  as  appears  on  the  curve,  Fig.  2.  The  blast 
furnace  operator  therefore  instructs  the  engineer  operating  the  com- 
pressor not  to  maintain  a  certain  number  of  revolutions,  as  is  custom- 
ary with  reciprocating  engines,  but  to  set  the  scale  beam  weight  for 
the  required  volume  in  cubic  feet  per  minute. 

12  The  graduation  and  calibration  of  the  scale  beam  in  cubic  feet 
per  minute  is  determined  during  the  shop  test  of  the  apparatus  before 
shipment  by  accurate  tests  with  standard  orifices  and  pitot  tubes  and 
these  graduations  are  accurate  within  about  two  per  cent. 

13  A  simple  oil  dashpot  D,  Fig.  3,  attached  to  the  scale  beam,  pre- 
vents any  racing  or  undue  fluctuations  of  speed. 

14  In  operating  the  blowing  unit,  it  is  only  necessary  to  manipo- 
iate  the  hand  throttle  valve  in  the  main  steam  pipe  when  it  is  desired 
to  bring  the  compressor  to  rest.  At  all  other  times  control  is  effected 
through  the  scale  beam,  with  wide-open  throttle.  At  times  of  check- 
ing  the  furnace  or  casting,  the  weight  a,  Fig.  3,  b  moved  to  the  ex- 
treme end  of  the  scale  beam  at  the  position  indicating  the  minimum 
volume  for  which  the  scale  beam  is  graduated,  and  still  further  de- 
crease of  speed  and  pressure  is  produced  by  adding  an  auziliaiy 
weight  at  this  end  of  the  beam  or  by  depressing  it  by  hand.  On  re- 
moval of  the  auxiliary  weight  and  replacement  of  the  sliding  wrig^t 
a,  at  the  running  volume  graduation,  the  compressor  speeds  up  until 
the  volume  required  is  obtained.  This  manipulation  ia  in  practice 
of  the  simplest  character. 

15  The  air  governor  acts  upon  the  pilot  valve  of  the  hydraulic 
valve  gear  commonly  used  on  the  larger  sizes  of  the  Curtis  turbinfii 
through  a  system  of  floating  levers,  in  such  wise  that  when  the  turbo- 
compressor  nears  the  maximum  speed  for  which  it  is  designed,  b 
this  case  1950  r.p.m.,  a  centrifugal  governor  of  the  usual  type  cooMi 
iiilo  action  and  keeps  the  speed  at  this  maximum  as  long  as  the  resM- 
ance  to  air  flow  in  furnace  or  tuyeres  remidns  so  high  that  the  volunu 
of  air,  for  which  the  air  governor  is  set,  cannot  be  forced  throu^  ^ 
tho  maximum  prcissure  to  which  this  speed  corresponds,  in  this  csBt 
25  lb.  per  sq.  in.  During  this  period  the  air  governor  is  out  of  OOB- 
trol  of  speed,  but  it  comes  into  action  immediately  when  the  fumic* 
resistance  decreases. 

16  In  case  of  breakai^e  or  sticking  of  the  governor  mechanist 
which  punnits  the  speed  to  exceed  1950  r.p.m.,  an  ^nergency  goW* 
nor  mechanisiUj  cutireiy  independent  of  the  mechanism  previously 
descriljod,  comes  into  play  and  closes  the  main  throttle  valve,  brinf- 
ing  the  compressor  to  rest. 
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17  In  all  high-speed  apparatus  the  certainty  of  the  oil  supply  b  an 
important  feature  and  it  is  particularly  so  in  this  service.  In  this 
unit  there  are  three  shaft  bearings  requiring  automatic  lubrication, 
and  this  is  furnished  by  a  valveless  gear  pump,  worm-driven  from 
the  main  shaft,  which  circulates  oil  under  15  to  25  lb.  pressure.  The 
same  piunp  also  supplies  this  necessary  oil  to  the  hydraulic  cylinder 
which  actuates  the  valve  gear.  The  oil  is  returned  from  bearings  and 
cylinder  to  a  tank  where  it  is  settled  and  strained  before  re-use.  In 
order  to  guard  against  any  stoppage  of  oil  circulation,  an  alarm  is 
provided  which  causes  a  steam  whistle  to  blow  in  case  the  oil  pres- 
sure falls  to  5  lb.  per  sq.  in. 

18  The  oil  is  cooled  in  the  bearings  at  the  point  where  the  heat 
is  generated,  by  means  of  water-cooled  coils  embedded  in  the  bearing 
linings. 

19  The  apparatus  described  uses,  of  course,  high-pressure  steam. 
Obviously  the  compressor  is  adapted  equally  as  well  to  the  use  of  low- 
pressure  turbines  as  drivers  and  so  driven  affords  a  ready  means  of 
increasing  the  efficiency  of  existing  plants  containing  reciprocating 
blowing  engines,  by  the  usual  method  of  exhausting  from  the  recip- 
rocating steam  cylinders  into  the  low-pressure  turbine.  The  govern- 
ing by  volume  of  air  discharged  is  equally  applicable  here,  and  all 
the  advantages  of  this  system  can  therefore  be  realized. 

20  Increased  efficiency  of  the  plant  to  the  extent  of  20  per  cent  to 
50  per  cent  may  be  thus  realized  with  a  very  moderate  addition  to 
the  cost. 

21  The  installation  at  the  Empire  Iron  &  Steel  Company,  which 
the  photographs  accompanying  this  article  represent,  was  put  in 
operation  on  the  furnace  on  March  8,  1910,  and  has  been  in 
continuous  use  ever  since.  At  the  time  this  apparatus  was  put 
in  operation,  it  was  not  expected  that  the  volume  of  air  required 

"  by  the  furnace  would  be  at  such  a  low  figure  as  turned  out  to  be  the 
case,  the  machine  having  been  designed  for  a  normal  volume  of 
22^500  cu.  ft.  per  min.    On  putting  the  machine  on  the  furnace,  it 
was  found  the  volume  required  was  only  about  15,000  cu.  ft.  per  min. 
and  the  pressure  corresponding  to  this  volume  under  furnace  condi- 
tions ranged  from  101b.  to  121b.    Under  these  conditions,  it  was  found 
that  pulsations  were  met  with  in  the  pressure  line,  this  pressure  fluc- 
•  ,  toating  about  21b.,  and  in  order  to  overcome  this  pulsation  it  was 
">  found  necessary  to  throttle  the  inlet  opening.    Fig.  4  shows  the  char- 
45ter  and  magnitude  of  these  pulsations.    Since  this  time,  a  conven- 
ent  butterfly-valve  throttling  rnechanisui  has  been  designed  and 
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applied,  which  is  found  to  eliminate  these  pulsations  without  appreci- 
able loss  of  efficiency. 

22  The  pulsations  in  pressure  above  noted  are  an  inherent  char- 
acteristic of  all  centrifugal  blowing  apparatus  of  similar  construction, 
and  they  occur  when  the  apparatus  is  operated  at  loads  and  pres- 
sures widely  differing  from  those  for  which  the  apparatus  is  designed; 
that  is,  from  normal  full  volume  and  pressure.  At  any  given  volume 
they  occur  at  a  certain  critical  pressure  and  at  all  higher  pressures^ 
but  do  not  occur  at  lower  pressures  than  the  critical.  As  volume  is 
increased,  critical  pressure  increases  also.  The  critical  pressure  is 
slightly  affected  by  the  density  and  the  humidity  of  the  air. 

23  Fig.  5  gives  the  characteristic  critical  pressure-volume  curve 
of  this  compressor. 
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Fig.  4    Pressure  Curve  during  Puiaations 


24  The  rate  and  extent  of  the  pulsations  are  affected  by  the  ca- 
pacity of  tho  discharge  piping,  stoves,  etc.,  into  which  the  air  flows- 
Thd  larger  the  capacity  the  longer  the  period  or  wave  length  and  the 
j!:rcater  the  wave  magnitude,  and  vice-versa.  The  diagram  in  Rg.4 
shows  the  pressure  waves  from  the  machine  installed  at  Oxford  Fu^ 
iiace.  When  tested  in  the  shop  with  very  short  piping  of  small  ca- 
pacity, the  wave  length  was  only  a  second  or  so,  and  of  verysmaD 
height. 

25  The  pulsations  occur  only  at  such  loads  that  the  characteristic 
|)n'Ssure  curvf  of  the  apparatus  is  rising  with  increase  of  volume  or 
remains  horizontal,  and  the  cHVet  of  the  throttling  is  to  superpose 
a  (lro()i)inf;"  pressure  curve,  falling  with  increasing  volume,  whick 
alters  the  shape  of  the  resultant  pressure  curve  and  makes  it  droop 
also.  As  the  throttliujii  reciuired  to  remove  such  pulsations  entiiely 
is  only  :i  frw  inelie<  (»f  water,  it  Iims  no  appreciable  effect  on  theefr 
i'iene\    v(  tlir   cDnipre.-sidn. 


26  fig.  6  18  the  curve  of  pressure  and  volumes  for  this  compres- 
ws  aXam^atU  speed. 

27  The  blaat  pressure  at  Oxford  Furnace  varied  from  10  lb.  to  14 
ib.  during  the  day  with  volume  constant  at  16,000  cu.  ft.  per  min. 
'fheapeed  varied  from  1500  to  1600  r.p.m.  The  average  steam  pres- 
sure was  135  lb. 

28  The  figures  in  Table  1  are  taken  from  a  typical  station  log, 
'lowing  the  variation  of  pressure  and  volume  during  the  24-hr. 
P^iod  of  operation. 


I  Facttort  Tests.     Freshurb 


^  The  apparatus  used  for  blowing  the  furnace  before  putting 
**i"  macMae  into  operation  consisted  of  two  vertical  reciprocating 
blowing  ei^;ine6  built  by  the  I.  P.  Morris  Company,  each  of  the  fol- 
'"^iag  dimensions:  Steam  cylinder  diameter,  54  in. ;  blowing  cylinder 
*waeter,  72  in.;  stroke,  72  in.  Blowing  cylinder  displacement,  339 
*"■  ft.  per  revolution  each.  Maximum  speed  rating,  30  r.p.m.  each, 
tf^  ^,300  cu.  ft.  per  min.  total  displacement.    Actual  maximum 
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speed,  23  r.p.m.  each,  giving  15,000  eu.  ft.  per  min.  total  displacement. 
The  average  bia=:  pressure  was  S  lb. 

■30  Judging  from  the  revolutions  of  this  engjne,  it  waa  tbougbt 
•J  at  th«  volume  used  was  about  14,500  cu.ft.  Onputtii^thecentnfu- 
gal  compressor  into  acti<:)o.  an  immediate  increase  in  the  amount  of 
iron  m<:-lt«d  by  the  f'jrnace  was  experienced.  The  output  went  up 
from  an  average  of  131'  ions  per  24  hr.  in  February  1910,  to  176  torn 
in  April  1910,  and  ihe  iron  was  found  to  be  of  a  more  uniform  charutei 
and  the  operation  of  the  furnace  was  improved.  A  gradual  incmat 
in  the  amount  of  air  has  since  taken  place  and  the  corresponding  in- 
i?rpa.se  in  pressure  reciuircd  to  force  the  air  through  the  furnace  tut 
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bc-cn  nccessaiy,  as  was  to  be  expected.  This  increase  of  air  has  n- 
suited  in  an  increase  in  the  production  of  the  furnace  from  176  toBf 
on  startiiij!  to  the  present  average  of  about  190  tona.  The  machiu 
i.^  now  operating  with  10,O(H)  cu.  ft.  of  air  and  the  production  of  ort 
is  IH'>  tons  per  24  hr.  average.  It  is  proposed  to  continue  this  in- 
crease to  200  tons  per  24  hr.,  the  limit  of  the  char^i^  apparatoi. 

HI  The  dimensions  of  the  furnace  are  as  follows:  Diameter^ 
|jo?ih  17  ft.  6  in.;  at  hearth  11  ft.;  at  top  throat  12  ft.;  height  ft* 
hearth  to  dumping  ring  80  ft. 

32  Tlie  coii(ien:^iii(i  apparatus  is  of  the  barometric  type,  andtk 
JTijcction  water  is  supplied  liy  a  liirho-driven  centrifugal  pump,pUKi 
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in  the  sub-basement;  and  at  the  outset  when  the  machine  was  first 
put  in  operation,  diflSculty  was  encountered  with  the  condensing  water 
supply,  which  made  it  necessary  to  operate  the  machine  for  a  con- 
siderable period  of  time  non-condensing.  Owing  to  the  unf amiliarity 
of  the  fire-room  force  with  the  new  boilers  which  had  been  installed 
it  was  even  necessary  to  operate  with  steam  pressures  as  low  as  60 
lb.  per  sq.  in.  gage  for  various  periods,  under  which  conditions  the 
compressor  set  operated  with  entire  satisfaction. 

TABLE  1    ENGINE-ROOM  REPORT.  MARCH  17. 1010 

■IfPIRB  moN  *  terxML  OOMPANT,  OXyOBD  FURNAOB,  M.  J. 


TlDM 

Volume,  cu.ft. 

Blast  PreflBure,  lb. 

1 

r.p.m. 

StaamPreaiureJb. 

Vacuum,  In. 

a.m. 

I 

16750 

18 

1540 

140 

24 

15750 

12.6 

1400 

135 

25 

15750 

18.6 

1580 

186 

26 

15750 

12 

1510 

140 

24 

15750 

18.6 

1580 

155 

24 

15750 

18 

1550 

150 

26 

15750 

12.6 

1550 

150 

26 

15750 

12 

1490 

120 

h.p. 

15750 

11.6 

1500 

180 

h.p. 

15750 

18.5 

1580 

100 

26 

15750 

12.5 

1520 

155 

20 

15750 

12  5 

1500 

150 

26 

p.m. 

15750 

13 

1530 

140 

20 

15750 

• 

12 

1490 

150 

20 

15750 

13 

1550 

130 

20 

15750 

13       ' 

1560 

150 

20 

15750 

11 

1445 

!      145 

20 

15750 

11.5 

1450 

130 

20 

15750 

11 

1490 

186 

20 

15750 

13 

1510 

140 

U 

15750 

12.25 

1500 

166 

26.6 

15750 

11 

1883 

140 

11 

15750 

11.6 

1410 

160 

26.5 

IS 

16750 

11.5 

1440 

145 

25 

Mmdt  208  tosu  of  Iroii  In  24  hours. 

33  Owing  to  the  fact  that  the  condensing  apparatus  is  of  the  baro- 
metric type,  the  further  fact  that  the  machine  is  operating  far  below 
its  designed  capacity  and  the  difficulties  involved  in  making  an  accur- 
ite  boiler  test  to  determine  the  amount  of  feed  water  under  present 
wmditions,  no  tests  have  been  made  to  determine  the  actual  efficiency 
of  the  machine.  It  is,  however,  furnishing  considerably  more  air 
than  the  old  machines,  as  is  evidenced  by  the  greatly  increased 
product  of  the  furnace,  and  is  at  the  same  time  operating  with  fewer 
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boilers.    Abo  th^e  boilers  are  more  easily  worked  than  when  oper 
ing  with  the  engine. 

34  There  is  great  difficulty  in  making  comparisons  of  the  pi 
formance  of  this  type  of  blowing  unit  with  reciprocating  types,  eitl 
steam  or  gas  driven,  owing  to  the  absence  of  actual  test  figures,  Bin 
none  have  been  published  (which^  permit  of  accurate  and  sat 
factory  comparison.  With  the  results  which  have  been  obtained  frc 
all  sources  as  to  the  actual  performance  of  such  machines  and  be 
actual  experience  with  this  machine  and  its  sister  machine  install 
at  the  Northern  Iron  Company,  in  line  with  tests  which  have  be 
made  in  the  factory,  it  seems  that  the  following  conclusions  are  ci 
rect  in  reference  to  this  apparatus  as  compared  with  reciprocati 
engines  for  blowing  blast  furnaces: 

a  That  the  output  of  the  furnace  is  increased  on  account 
the  greater  steadiness  of  operation  and  more  unifo: 
conditions  obtaining  in  the  furnace. 
b  That  the  quality  of  the  product  is  improved. 
c  That  the  steam  consumption  is  equal  to,  or  less  than,  tl 
of  the  best  compound  engines  blowing  similar  fumac 
d  That  the  engine  room  space  occupied  is  only  a  fraction  of  tl 
needed  by  reciprocating  engines,  either  steam  or  gas 
6  Considering  all  factors,  including  consumption  of  fuel;  c 
of  operation,  including  oil  and  supplies,  attendance,  e> 
cost  of  buildings  and  foundations,  interest  on  the  inv-* 
ment;  and  cost  of  maintenance  of  plant;  that  the  oenft 
ugal  compressor  is  a  blowing  apparatus  which' can 
operated  for  a  lower  net  cost  than  any  other  means 
blowing  furnaces. 

DISC^USSION 

E.  D.  Dbetfus  (written).  The  comparison  of  the  ultimate  ec 
omies  of  the  reciprocating  gas-engine  blowing  engine,  and  the  hi 
pressure  turbine-driven  compressor  is  most  vital.  But  we  must 
allow  ourselves  to  be  guided  by  any  abstract  quantities,  and 
order  to  obtain  a  comprehensive  idea  of  their  relative  commex^ 
value,  we  must  study  a  wide  range  of  sizes  and  conditions.  '^ 
relation  of  single  small  sets  of  the  two  types  will  in  all  probabl 
be  reversed  when  installations  of  a  great  many  large  units  are  c< 
pared.  Isolated  data  should  invariably  be  treated  guardedly, 
particuhirly  wlierc  an  appreciable  variation  in  conditions  may 
There  is  one  thing  which  occurs  to  my  mind  especially  and  th^* 
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large  gas-engine  blower  will  have  but  little  showing  in  the  exten- 

Aodis  of  any  present  mills  where  it  will  be  practical  to  install  and 

operate  low-pressure  turbine-driven  compressors  in  connection  with 

old»  steam-engine-driven  tubs.    The  investment  value  of  this  earlier 

apparatus  will  thus  be  preserved  and  at  the  same  time  its  economy 

when  operating  in  connection  with  the  low-pressiure  turbine  will  be 

greatly  bettered.     Another  point  of  economic  consideration  is  the 

co6rdinating  of  the  low-pressure  turbine  with  the  gas  plant,  whereby 

the  position  of  the  gas  engine  may  be  materially  advanced,  an  analysis 

of  which  was  contributed  by  the  writer  to  Power,  April  11,  1911. 

J.  E.  Johnson,  Jb.    The  efficacy  of  the  control  of  the  volume  of  air 
blown  is  the  question  which  will  arise  in  the  mind  of  every  practical 
fornaceman  as  soon  as  he  gives  this  subject  consideration.    Changes 
in  quantity  of  air  as  small  as  1  or  2  per  cent  are  frequently  made  in 
the  quantity  of  blast  delivered  to  the  furnace  as  one  of  the  means  of 
controlling  its  operation  and  this  makes  it  obvious  that  exact  control 
»  a  very  necessary  feature  of  any  blast-furnace  blowing  apparatus. 
I  had  the  pleasure  of  seeing  the  installation  of  the  turbo-blower 
at  the  Port  Henry  plant  of  the  Northern  Iron  Company  about  a 
year  ago,  and  the  simplicity  of  the  governor  is  certainly  admirable, 
hut  is  a  feature  not  exactly  easy  of  comprehension  to  a  man  with- 
out a  thorough  mechanical  training,  and  a  prejudice  against  these 
Juachines  is  likely  to  exist  in  the  minds  of  many  furnace  men. 

It  is  a  well  accepted  fact  that  the  efficiency  of  the  turbine  is  far 
*^8her  at  low  pressures  than  it  is  at  high,  while  on  the  other  hand  it  is 
^9^^y  well  known  that  for  high  pressiu*es  only,  the  reciprocating 
f^One  has  a  considerable  advantage  over  the  turbine.  The  result 
^  that  the  most  economical  form  of  steam-driven  apparatus  is  a 
^Dabbed  unit  in  which  the  steam  expands  down  to  about  atmos- 
Meric  pressure  in  a  good  reciprocating  engine,  and  is  then  delivered 
^  a  turbine  on  its  way  to  the  condensers.  The  very  remarkable 
f^^ultg  obtained  with  this  combination  by  Mr.  Stott  at  the  Inter- 
^^ough  plant  in  New  York  have  given,  in  the  opinion  of  many,  a 
^^ded  check  to  the  development  of  the  gas  engine. 

In  a  similar  way  it  has  been  known  for  years  that  for  very  low 
Pressures  the  centrifugal  blower,  of  which  the  turbo-blower  is  simply 
*  development,  is  more  economical  than  a  piston  blower.  On  the 
^^her  hand,  for  higher  pressures  the  piston  compressor  is  undoubtedly 
^  be  preferred,  particularly  in  blast  furnace  work,  on  account  of  its 
operating  as  a  meter  as  well  as  a  compressor  of  the  highest  efficiency. 
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A  ccKidition  of  piston  blowing  engine  dengn  is  that  the  air  cylinder 
must  be  large  enough  for  the  greatest  volume  to  be  handled,  and 
strong  enough  for  the  highest  pressures  attained,  mih  the  result 
of  enormous  sse  and  very  masove  and  expensive  construction  m 
modem  blowing  machinery. 

In  spite  of  their  high  cost  it  is  notorious  among  operating  men 
that  really  reliable  blowing  engines  are  exceedingly  scarce.  The 
problem  of  the  valves  is  in  itself  one  of  great  difficulty.  It  is  almost 
impossible  to  get  an  air  inlet  valve  with  suffident  area  to  allow  the 
cylinder  to  fill  absolutely  without  heavy  loss  by  suction,  and  at  the 
same  time  one  quick  enough  to  give  correct  results  at  the  speeds  re- 
quired of  modem  engines. 

The  turbo-blower,  on  the  other  hand,  suffers  from  the  disability 
that  it  must  have  stages  enough  to  blow  the  highest  pressure  ever 
required,  although  this  high  pressure  will  not,  in  ordinary  operatian, 
be  required  one  per  cent  of  the  time,  the  normal  pressure  being  perhapB 
only  half  as  great. 

If,  therefore,  we  make  a  turbo-blower  to  deliver  air  of  a  oertsin 
nearly  constant,  moderate  pressure,  and  a  blowing  cylinda  of 
comparatively  small  size,  strong  enough  to  deliver  air  to  the  desired 
maximum  pressure,  we  shall  have  bettered  the  conditions  of  operation 
of  both  t>'pes  of  apparatus,  increasing  their  efficiency  and  reduchig 
their  cost.  In  other  words,  the  turbo-blower  and  reciprocating- 
compressor  combined  are  more  efficient  than  either  apparatus  akme^ 
exactly  as  the  en^e-turbine  combination  is  more  economical  in  the 
consumption  of  steam. 

For  the  best  and  cheapest  blowing  en^e,  therefore,  we  should 
have  a  combination  of  these  two  units,  a  turbine-driven  turbo- 
blower, delivering  air  partly  compressed  to  the  compresdng  end  of  s 
steam-driven  blowing  engine,  the  steam  from  the  cylinder  of  tius 
engine  driving  the  turbine  before  passing  to  the  condenser. 

It  may  be  objected  that  this  is  a  complicated  unit,  but  this  is  not 
the  case.  Most  large  modem  furnaces  require  three  large  redprocft- 
ting  blowing  engines  of  the  best  type  to  operate  them.  These  Bit, 
in  good  modem  usage,  disconnected  compounds — a  high-presBure 
steam  cylinder  on  one  engine  and  a  low-pressure  on  the  next,  etc 

A  turbo-blower  supplying  air  to  two  of  these,  compressed  to'8  lb.i 
would  enable  them  to  deliver  as  much  air  as  three  engines  drawing 
air  from  the  atmosphere,  and  the  efficiencies  which  are  guaranteed  in 
the  use  of  exhaust  steam  by  the  builders,  combined  with  the  guaranteed 
efficiency  of  the  turbo-compressor,  indicate  that  this  can  be  done  tt 
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^  decided  saving  in  first  cost  and  with  an  efficiency  certainly  no 
lower  and  probably  higher  than  that  of  either  unit  alone.  This  does 
not  make  any  allowance  for  the  possibilities  of  spray  intercooling 
between  the  turbo-compressor  and  the  reciprocating  compressors, 
which,  in  ordinary  practice,  would  be  good  for  about  4  per  cent 
additional  saving  at  a  very  low  cost. 

The  advantage  of  maintenance  as  compared  with  reciprocating 
engines,  is  undoubtedly  with  the  turbo.  At  the  same  time  the  magni- 
^de  of  the  alternations  of  stress  in  the  reciprocating  en^es  is  greatly 
reduced  by  delivering  to  them  partly  compressed  air,  and  the  problem 
presented  by  their  inlet  valve  gear,  which  has  given  so  many  bad 
hours  to  both  furnace  men  and  engine  designers,  is  practically  elim- 
inated by  delivering  to  them  denser  air  under  pressure. 

The  governing  of  such  a  combined  unit  is  extremely  simple.'  The 
ordiixary  governor  on  the  engine  unit  does  all  that  is  necessary  and 
no  governor  other  than  one  to  prevent  racing  is  necessary  on  the 
turbme.  The  steam  supply  of  the  engine  passes  directly  to  the 
turbine.  As  long  as  all  conditions  remain  constant  the  speed  of  the 
twbine  will  be  unchanged,  but  if  the  pressure  required  by  the  furnace 
increases  a  little,  more  steam  is  admitted  to  the  engine  by  its  governor, 
And  this  increase  in  quantity  speeds  up  the  turbine  to  a  slight  extent 
and  80  causes  it  to  deliver  air  compressed  to  a  slightly  higher  pressiu^e. 

^  his  increase  automatically  compensates  for  any  small  lag  due 
to  the  greater  load  on  the  engine  and  for  the  lower  volumetric  effic- 
iwicy  of  the  piston  blowing  engine  at  higher  pressure  as  compared 
^th  low. 

^f  on  the  other  hand,  the  speed  of  the  piston  engine  is  deliberately 
uiCTeased  to  deliver  more  wind,  the  greater  supply  of  steam  to  the 
*'^biiie  will  enable  it  to  deliver  a  proportionately  greater  quantity 
^\  air  at  virtually  the  same  pressure.  Of  course,  some  hand  control 
^^  be  applied  to  the  turbine  to  enable  the  receiver  pressures  to  be 
T^^ted  to  the  best  conditions,  but  once  this  is  done  other  changes 
^*1  seldom  be  required. 

^or  these  reasons  I  believe  that  the  steam-driven  blowing  plant 

^be  future  should  consist  of  a  turbine-turbo,  piston-engine,  piston- 

^pressor  combination. 

This  combination  will  have  its  greatest  field  in  applications  to 

^^^^ting  plants  where,  as  is  so  often  the  case,  the  existing  blowing 

^^&ie,  while  old,  is  by  no  means  worthy  of  the  scrap-heap,  but  is 

^able  to  deliver  quito  the  pressure  or  quite  the  volume  demanded 

^  Modern  conditions      In  such  a  case  the  introduction  of  a  turbine- 
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turbO;  taking  steam  from  the  engine  and  suppl3dng  pre-compressed 
air  to  it,  will  use  what  is  now  waste  energy  in  the  steam^  and  apply 
it  in  such  a  way  as  to  increase  both  the  capacity  and  the  permis- 
sible pressure  of  the  existing  blowing  cylinder. 

A  further  advantage  which  the  turbo  has  as  the  primary  machine 
is  that  of  an  inlet  free  from  pulsations.  These  are  much  more  serious 
in  inlet  than  in  outlet,  for  the  reason  that  the  volume  and  velocity 
of  the  air  are  so  much  greater. 

One  of  the  serious  problems  which  had  to  be  overcome  in  the 
application  of  the  dry  blast  was  the  construction  of  cooling  chambers 
whose  walls  would  not  be  thrown  down  by  the  pulsations  produced 
by  the  piston  compressor  on  the  incoming  air.  The  smooth  inlet  of 
the  turbo  will  eliminate  entirely  difficulties  arising  from  this  source. 

The  necessity  of  massiveness  both  in  stationary  and  in  reciprocating 
parts,  and  the  conditions  of  operating  the  air  valves,  have  limited 
the  best  sizes  of  blowing  engine  so  that  these  are  not  increasing  in 
size.  In  fact,  those  now  being  built  are  commonly  no  larger  than 
some  constructed  ten  or  twelve  years  ago. 

The  turbo-blower,  on  the  other  hand,  lends  itself  admirably  to 
enormous  capacities  in  the  same  way  that  the  turbine  is  commonly 
built  for  certain  classes  of  service  in  sizes  that  have  never  been 
approached  in  reciprocating  engines.  For  this  reason  it  will  not 
only  be  possible  but  advisable  to  install  at  large  plants  one  turbo 
to  supply  several  reciprocating  engines,  all  of  which,  of  course,  will 
exhaust  to  it.  This  will  contribute  still  more  to  low  first  cost,  small 
space  requirements  and  small  maintenance  charges. 

I  wish  to  express  in  conclusion  my  conviction  that  the  introduc- 
tion of  the  turbo-compressor  marks  the  beginning  of  a  better  era 
for  the  mechanical  equipment  of  blast  furnaces,  but  that  its  best 
and  easiest  application  will  be  in  conjunction  with,  rather  than  in 
supplanting  piston  blowing  engines. 

R.  N.  Ehrhart.^  The  Westinghouse  Machine  Company  have  for 
some  years  been  experimenting  with  centrifugal  air  compressors  at 
their  East  Pittsburgh  works,  and  as  a  result  have  developed  a  type  of 
blower  possessing  features  particularly  adapting  it  to  certain  classes 
of  work. 

As  the  single-stage  blower  is  the  basic  element  of  the  multi-stage 
blower,  anah'scs  of  the  primary  considerations  should  be  applied  to 

^  The  Westinghouse  Machine  Company,  East  Pittsburgh,  Pa. 
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tile  angle  part  or  stage  which  is  duplicated  in  certain  instances 
to  make  the  multiHStage  outfit.  Any  features  pertaining  to  the 
generic  element  pertain  to  the  whole,  so  that  studies  of  the  single- 
stage  blower  are  more  enlightening  from  a  practical  and  educational 
standpoint.  The  following  facts  were  brought  out  in  the  develop- 
ment of  the  elements  of  centrifugal  compressors: 

Centrifugal  compressors  having  diffusion  vanes  in  the  part  of  the 
casdng  receiving  the  air  from  the  rotating  element  have  as  an  in- 


Proasurc 


Volume 
Fio.  7    Comparison  op  Blowers  with  Freb  and  Forced  Diffusion 

herent  characteristic  the  pressure  curve  shown  in  broken  line  in 
^g-  7.  (In  this  discussion,  the  writer  calls  this  the  forced-diffusion 
^ype  of  blower.)  The  eflSciency  also  has  the  characteristic  as  shown 
"^  *%.  7;  that  is,  a  maximum  eflSciency  of  approximately  74  per  cent 
at  rated  volume  and  approximately  60  per  cent  at  one-half  volumetric 
^"'^.  These  results  were  obtained  by  extensive  experimenting  at 
^^  I^ttsburgh  and  are  approximately  verified  by  Fig.  2. 
^^^  the  industrial  application  of  constant-speed  blowers,  it  was 
V     realised  by  the  Westinghouse  Machine  Company  that  the 
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preaaure  characteristic  as  shown  by  the  broken  line  (teamed  diffusion] 
in  fHg.  7  was  unsuitable,  as  reference  to  'Pig.  8  clearly  shows. 

The  forced-diSufflon  type  of  blower  has  a  pressiire  ohanctcristic 
with  a  well  defined  hump;  that  is,  the  pressure  rises  as  the  vol- 
ume delivered  increases  to  a  certain  point,  and  then  rapidly  falli 
off.  In  other  words,  for  a  g^ven  pressure  there  are  two  definite 
volumes  that  may  be  delivered.  Referring  to  the  lower  set  of  curves, 
fig.  8,  at  the  pressure  represented  by  the  horiiontal  line,  there  may 
be  two  volumetric  deliveries,  B  and  D.  It  is  perfectly  evident  that 
blowers  of  the  forced-diffuuon  type  will  be  unsatisfactory  for  parslld 
operation,  unless  equipped  with  a  oomplicated  goveming  mechaiuBm, 
'Since  momentary  disturbances  may  cause  fluctuating  line  presBuna 


—3=.^^ 

i                    ^^^ 

^ 

V  r<r^^-~ i 

^^- 

"N 

Fia.  8    CHAnACTBRisTios  Rkouibbd  for  Parallsl  OpasATioif  or  Blow 

and  if  the  disturbance  has  a  magnitude  measured  from  the  horiscntil 
line  to  the  peak  of  the  pressure  characteristic,  the  volumetric  deUvefT 
may  vary  from  B  to  D.  This  latter  possibility  will  in  turn  smbd- 
tuate  any  line  disturbances,  cauung  still  greater  variation  or  fluctiu- 
tion  in  volumetric  delivery,  assuredly  at  the  sacrifice  of  effideney- 

In  the  case  of  parallel  operation  of  alternators,  we  require  a  gndud 
drop  in  speed  from  no  load  to  full  load  for  stability.  In  the  panlU 
operation  of  blowers,  we  should  have  the  analogy  of  a  gradual  drop 
in  pressure  from  no  delivery  to  full  delivery. 

Blowers  having  this  characteristic  wilt  work  perfectly  in  psraW. 
Referring  to  Fig.  8,  the  upper  pair  of  lines,  shows  the  sharing  of  tb 
load.    One  blower  at  the  pressure  represented  by  the  horiiontal  Kb* 
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vill  have  a  volumetric  delivery  EF,  the  other  one  a  volumetric  de- 
irery  EQ,  and  fluctuations  of  pressure  over  a  wide  range  will  still 
uiire  relatively  equal  divimon  of  the  load. 

Pom-Uve  blowers  have  the  drooping  characteristic  at  constant 
olunae,  and  it  is  seen  that  if  this  is  Buperimposed  on  the  forced- 


Fia.  9    A  600-H.P.  Blowsr  of  FsBK-DiprnsioN  Tipb 

iMuaoa  pressure  characteristic,  sucoesBful  parallel  operation  cannot 
be  bad. 

Of  course,  by  resort  to  complicated  Bpeed-control  mecbaniamfl  on 
"■liat  might  be  a  constantrflpeed  outfit,  the  forced-diftudon  type  of 
"'Over  can  be  made  to  give  the  drooping  characteristic. 

Thorough  experimenting  has  shown  that  by  suitably  constructing 
"fi  stationary  and  rotating  parts  of  the  blower,  a  drooping  pressure 
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characteristic  caa  be  obtained;  that  is,  the  pressure  at  no  delivery 
is  a  maximum,  and  it  gradually  drops  off  to  normal  at  normal  rating,*.  ^ 
This  characteristic  is  shown  in  full  line  in  Fig.  7.    It  has  also 
found  that  the  efficiency  at  fractional  deliveries  was  wonderful!] 
improved.    Ab  a  matter  of  fact,  the  diffusion  vanes  in  the  foroedr. 
diffusion  type  of  blower  are  a  positive  detriment  at  fractional 
since  their  angle  and  shape  can  be  made  only  to  suit  one 
rate. 

For  example,  in  a  blower  with  radial  vanes,  the  air  leaves  the  rol 
at  an  angle  of  about  14  deg.  with  the  tangent  at  normal  deliver — 'y. 
At  50  per  cent  of  normal  delivery  the  angle  is  about  7  deg.;  at  10  I>-^«r 
cent  of  normal  delivery  it  is  about  1^  deg.  It  is  apparent  that  if 
the  receiving  ends  of  the  diffusion  vanes  are  set  for  normal  deliver— ^r, 
they  are  12^  deg.  from  the  correct  position  for  10  per  cent  of  nomsk^ 
delivery,  or  7  deg.  from  correct  position  for  50  per  cent  normal  deliveKT— y. 

Experiments  at  East  Pittsburgh  show  that  free  spiral  diffusL  ^am 
can  be  obtained  with  substantially  the  same  conversion  efficiency  al 
25  per  cent  normal  delivery  as  at  full  normal  delivery.  The  discha^i^lSB 
areas  and  contour  of  vanes  and  receiving  sides  of  the  spiral  wbi^rl 
chamber  must  coincide  exactly  with  the  dimensions  as  fixed  by 


ments  and  calculations.     Relatively  small  variations  from  pro] 
shapes  cause  loss  of  velocity  and  conversion  efficiency. 

Fig.  7  shows  comparative  tests  of  the  two  types  of  blowers  mades^at 
the  Westinghouse  works,  the  splendid  pressure  characteristic  vm  Ttd 
superior  efficiency  of  the  free-diffusion  type  at  fractional  loads  b^Sng 
clearly  illustrated. 

The  free-diffusion  type  of  blower  does  not  have  the  pulsat~S(»i 
characteristic  that  the  forced-diffusion  type  has.    This  is  due  to   '^bc 
total  absence  of  diffusion  vanes,  so  that  free  spiralic  diffusion  ^3aD 
adapt  itself  to  any  volumetric  delivery.    The  pulsations  as  descnl^ed 
by  Mr.  Rice  in  Pars.  22  to  25  (Fig.  4),  would  seem  to  be  of  r«jch 
magnitude  (approximately  9  to  10.5  lb.)  as  to  make  parallel  op^^^ 
tions  difficult  when  they  are  in  evidence.    The  method  used  at 
ford  to  get  over  the  pulsating  effect,  that  is,  throttling,  may  be 
cessful  when  applied  to  high-pressure  blowers,  but  when  applied     *^ 
blowers  of  low  pressure  the  loss  of  a  few  inches  of  water  pressure    ^^ 
throttling  could  not  be  considered  as  it  would  represent  too  gjT^^ 
a  proportionate  loss  in  efficiency. 

A  600-h.p.  blower  of  the  free-diffusion  type  has  just  been  put  iX^^^ 
operation  at  Great^Falls,  Mont.    The  pressure  characteristic 
responding  to  that  given  in  Fig.  7  is  attained  with  a  constant 
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and  no  governing  devices  to  change  the  motor  speed  are  necessary. 
The  outfit  is  driven  by  a  750-h.p.  synchronous^  60-cycle  motor.  Fig.  9 
shows  the  blower  by  itself. 

C.  G.  DB  Laval.  The  development  of  the  turbo-compressor  in 
this  country  is  of  recent  origin  and  without  question  the  combination 
of  the  steam  turbine  and  turbo-compressor  produces  an  ideal  imit. 
It  appears,  however,  that  its  field  will  rather  be  the  compressing  of 
large  than  of  small  volimies.  Not  long  ago  it  was  considered  un- 
suitable for  anything  except  exceedingly  low  pressure,  such  as  ordinary 
blowing  work.  Today  we  find  turbo-compressors  in  use  abroad  for 
150  lb.  equal  in  thermal  and  mechanical  efficiency  to  reciprocating 
compressors. 

It  is  well  to  consider  the  distinction  between  a  blower  and  a  com- 
pressor, and  it  appears  to  the  writer  that  the  machine  described  is 
not  a  compressor,  but  a  turbo-blower.  Both  may  be  of  the  same 
design,  but  this  is  not  essential.  The  machine  described  is  a  multi- 
stage blower  or  fan,  and  apparently  has  no  rubbing  surfaces.  The 
rotating  siu*faces  revolve  freely  with  ample  clearances. 

In  turbo-compressors  manufactured  by  Pokomy  and  Wittekind, 
Brown-Boveri  &  (Company,  Escher  Wyss,  Sulzer  Brothers,  Rateau 
and  others,  the  machines  are  made  up  in  multiple  cylinders  according 
to  volmne  and  pressures.  The  general  principle  consists  of  high- 
speed impellers  incased  in  a  cylindrical  chamber,  properly  cooled 
radially  and  axially.  These  impellers  draw  in  and  discharge  the  air 
the  same  as  a  centrifugal  pimip  impeller,  turning  the  velocity  into 
potential  energy  in  the  form  of  air  pressure. 

It  does  not  appear  necessary  to  use  six  stages  arranged  in  series  for 
BO  low  a  pressure  as  10  to  20  lb.,  and  if  the  compressor  end  were 
divided  into  separate  cylinders  or  casings,  each  cylinder  or  casing  con- 
taining one  or  more  impellers,  and  the  diameter  of  the  impeller  and 
its  casing  w^re  reduced  in  the  second  or  third,  the  nimiber  of  stages 
required  would  be  less  than  that  used  by  the  author,  provided  also 
that  proper  cooling  was  effected  radially  as  well  as  axially. 

A  turbo-blowing  engine  built  on  the  Rateau  type  for  12,300  cu.  ft. 
of  free  air  per  minute  down  to  6000  cu.  ft.  for  a  pressure  of  from  8 
to  13  lb.,  speed  3400  to  3900,  requires  three  stages  only  as  against  six 
stages  of  the  one  described  in  the  paper.  This  Rateau  multi-blower 
has  single  entrance  impeUers,  leadmg  the  discharge  from  one  wheel 
into  the  eye  of  the  other  through  special  channel  castings.  For 
pressures  of  80  to  150  lb.  it  is  not  necessary,  if  it  is  properly  con- 
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sfTiicted,  to  use  more  than  10  to  15  stages,  and  for  lower  blowing 
pressures,  10  to  20  lb.,  3  stages,  and  the  blower  will  still  tn^^^Tit-ain 
an  isothermal  efficiency  of  70  per  cent.  Such  compressors  will  have 
a  weight  about  one-quarter  of  that  of  a  reciprocating  outfit. 

It  has  been  shown  through  their  use  in  Europe  that  turbo-com- 
pressors with  capacities  of  6000  cu.  ft.  per  min.  and  above  have  firom 
70  to  80  per  cent  efficiency,  and  those  of  from  3000  to  6000  cu.  ft. 
per  min.,  65  to  70  per  cent  efficiency,  and  that  these  effidendes  de- 
crease below  50  per  cent  at  §  to  }  load.  The  application  of  tmbo- 
compressors  should  be  for  volumes  from  3000  cu.  ft.  per  min.  and  iq). 
It  is  usual  to  fit  compressors  with  an  automatic  outlet  valve  in 
order  to  prevent  any  detrimental  pulsation  of  air  at  partial  capacitieB, 
so  that  the  capacit}'  can  be  kept  above  the  TnmiTniim  "Po  prevent 
an  increase  of  the  capacity  over  the  maximum,  an  automatic  valve 
is  installed  in  the  suction. 

The  use  of  a  turbo-blower  in  connection  with  existing  redprocating 
compressors  has  been  carried  out  lately  in  England.  The  existing 
compressor  was  coupled  up  to  a  steam  turbine  txurbo-blower,  who^y 
the  low-pressure  steam  cylinder  of  the  reciprocating  air  compreswr 
exhausted  into  the  steam  turbine,  and  the  txurbo-blower  took  the  air 
at  atmospheric  pressure,  compressing  it  and  discharging  it  into  the 
reciprocating  compressor  cylinders  where  it  is  compressed  to  60  lb. 
pressure. 

This  combination  of  turbo  and  piston-compressor  doubled  the 
capacity  and  gave  a  net  gain  of  17  per  cent  over  that  which  would 
have  been  secured  had  an  additional  reciprocating  compressor  been 
put  in.  In  addition  to  this  it  saved  the  extra  cost  of  a  new  building 
on  account  of  the  small  space  it  occupied  and  increased  the  oveMD 
officiency,  as  it  utilized  the  exhaust  steam. 

It  may  not  be  out  of  order  to  add  the  following  as  characteristiei 
of  turbo-blowers  and  compressors: 

a  Steady  non-pulsating  currents  when   fitted    with   propff 
control  apparatus. 

6  Smaller  weight  and  space  required,  reduction  of  founda- 
tions and  handling. 

c  Absence  of  reciprocating  parts,  valves  and  packings. 

d  Smaller  attention  and  maintenance. 

e  Reduction  of  oil  consumption  and  supply. 

f  Continuous  and  steady  delivery  of  air,  flexibility  of  opei* 
tion,  automatic  arrangement. 
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O  Utilization  of  exhaust  steam  from  any  reciprocating  engine 
to  run  the  low-pressure  turbine  operating  the  blower  or 
compressor. 

A  Efficiency  of  the  machine,  comparing  favorably  with  the 
best  reciprocating  compressors. 

i  Adaptability  for  cupolas,  brass  furnaces,  converter,  oper- 
ating pneumatic  tools,  etc. 

j  Adaptability  to  operation  and  furnishing  of  illuminating 
gas  to  mains. 

Julian  Kennedy^  said  he  did  not  know  much  either  about  gas 
engines  or  turbines,  but  he  had  been  doing  a  little  figuring.  On 
a  basis  of  $116  per  kw.  for  gas-engine  installations  and  $60  for 
steam-turbine  installations,  he  assumed  that  20  per  cent  was  a  fair 
amortization  charge  for  up-keep  and  capitalization  for  the  gas 
machinery,  and  15  per  cent  for  the  steam  machinery:  the  invest- 
ment cost,  therefore,  for  gas  machinery  would  be  S23.30  per  year, 
and  for  the  steam  machinery  $9  per  year. 

Assuming  7200  hours  per  year  and  2  lb.  of  coal  per  kw-hr.  at 
Sl.80  per  net  ton,  the  cost  of  coal  per  kw-hr.  would  be  $0.18,  or  less 
^an  the  additional  charge  of  up-keep  and  capitalization  for  the  gas- 
CDgine  installation.  In  other  words,  according  to  his  figures,  if 
furnace  gas  were  obtained  for  nothing,  and  if  coal  was  $1.80  a  ton,  the 
''fifiult  at  the  end  of  the  year  would  come  out  about  even. 

In  his  figures  he  put  in  furnace  gas  free,  so  that  if  the  engine 
^uld  be  brought  to  such  a  point  of  economy  as  to  run  without 
gas,  his  calculation  would  hold  good  provided  it  cost  5  per  cent  more 
^  keep  up  the  gas  engines  than  the  steam  turbines;  but  he  thought 
15  per  cent  would  be  getting  nearer  to  it. 

Joseph  Mobgan  called  attention  to  the  fact  that  the  value  of 
'^e  surplus  gas  and  the  power  generated  from  it  depend  entirely 
^^  how  much  can  be  sold.  If  there  is  no  market  for  the  power, 
the  gas  is  worth  nothing,  while  the  value  of  a  coal  pile  remains 
^til  used, 

C.  J.  Bacon  and  H.  J.  Freyn.  An  analysis  (Table  2)  of  the 
^^^ancial  considerations  involved  in  a  comparison  of  a  turbo-blower 
^Quipment  with  a  gas  blowing-engine  equipment  for  blowing  a  blast- 
^luiiace  plant  consisting  of  four  500-ton  furnaces,  leads  to  results 
■'^cucating  that  the  total  expense  for  fuel,  operation  and  fixed  charges 

^isulting  Engineer,  Pittsburgh,  Pa. 


404      COMMBBCIAL  APPLICATION  OF  TURBINB  TURBO-COMPBESSOB 

is  less  for  a  turbo-blower  installation  than  for  a  slowHspeed  gas  bl 
ing-engine  installation  in  localities  where  the  price  of  coal  establic 
a  value  lower  than  approximately  10.08  per  1,000,000  B.t.u.  in 
blast-furnace  gas;  and  is  less  for  turbo-blowers  than  for  highnspeed 
blowing  engines  where  the  price  of  fuel  is  lower  than  approximal 
$0.05  per  1,000,000  B.t.u.  This  conclusion  is  based  on  normal  c 
ditions  prevailing  in  the  average  blast-furnace  plant,  but  is  influen 
considerably  by  blast  pressure,  efficiencies,  price  of  labor,  water  8 
ply  for  condensers,  value  set  on  gas,  cost  of  machinery  and  consta 


TABLE  a    TOTAL  EXPENSE  INCLUDING  FUEL,  OPERATION  AND  FIXED  GEAR 


Cost  of  Fuel. 

Cents  per 

1,000,000 

B.t.u. 


4 

6 
8 

10 
12 
14 


Turbo-Blowbbs 


Qam  Blowixo  Exouns 


Yearly 


276700 
824600 
372100 
420100 
468100 
516100 


Per  1,000.000 
Cu.  Ft. 


Slow-speed 

v«»rW      I  Pw  1.000.000 
Yearly      i      ^^  ^^ 


16  LB.  Blast  Prbssubb 


3.70 
4.34 
4.97 
6.61 
6.25 
6.00 


340400 
360000 

370500 
390100 
418700 
438200 


4.49 
4.75 
5.00 
5.36 
5.62 
5.77 


Hlcb-speMl 


Yearly       ^^ 


202460 
812060 
331560 

851160 
370760 
390260 


20  LB.  Blast  Pressurb 


4 

6 

8 

10 

12 

14 


300100 
359)00 
419100 
478100 
537100 
597100 


4.06 
4.80 
5.60 
6.39 
7.17 
7.98 


850100 
374500 
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302160 
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tion  material,  rate  of  interest,  taxes,  insurance,  estimates  of  Mi 
apparatus,  method  of  computing  depreciation,  etc. 

For  blowing  four  500-ton  furnaces  there  would  be  required  0^ 
gas  blowing  engines,  including  two  spare  engines,  each  with  su£5cn 
capacity  for  supplying  two-thirds  of  the  air  required  per  furnace  At 
normal  pressure  between  15  and  20  lb.  gage  and  occasionally  as  hi 
as  25  lb.  The  usual  displacement  for  a  500-ton  furnace  is  40,000  en. 
permin.,  although  the  amount  of  air  actually  discharged  is  somewfa 
below  this  figure  and  is  considered  as  89  per  cent  or 35,600 cu. ft* 
the  basis  of  actual  measurements.    Slow-speed  eng^es  are  auHKM 
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to  have  a  displacement  of  approximately  500  to  600  cu.  ft.,  and  high- 
speed engines  approximately  360  cu.  ft.  In  the  case  of  the  turbo- 
blower installation,  six  units  would  be  required,  including  two  spare 
units,  each  of  35,600  cu.  ft.  per  min.  actual  discharge  capacity  at  the 
same  pressures.  A  convenient  basis  for  comparing  the  costs  of  oper- 
ation of  different  installations  is  per  1,000,000  cu.  ft.,  in  which  con- 
nection each  of  the  plants  under  consideration  has  a  total  yearly 
capacity  of  74,845  million  cu.  ft.  at  35,600  cu.  ft.  per  min.  per 
furnace. 

In  preparing  the  above  figures  it  is  assiuned  that  the  entire  plant 
of  four  furnaces  would  operate  continuously  at  the  rated  capacity  of 
500  tons  per  day.  In  case  of  reduced  output  or  of  partial  shutdown 
due  to  dull  business,  relining  furnaces,  etc.,  the  reduction  in  the  item 
of  fuel  expense  would  be  about  twice  as  great  with  turbo-blowers  as 
with  the  gas  engines,  while  the  item  of  fixed  charges  would  continue 
at  the  same  rate,  resulting  in  a  greater  net  decrease  in  the  total  expense 
for  the  turbo-blowers  than  for  the  gas  engines. 

Moreover,  as  certain  approximately  equal  percentage  allowances 
are  made  in  the  various  efficiencies  leading  to  a  comparison  of  the 
heat  consumption  to  take  account  of  the  actual  operating  condi- 
tions over  long  periods,  any  change  in  the  fuel  cost  due  to  over-esti- 
mating such  allowances  would  also  result  in  a  greater  net  decrease 
of  total  expense  of  the  turbo-blowers  than  the  gas  engines. 

Fttel  Expense.  Blast-furnace  gas,  after  being  subjected  to  prelim- 
inary cleaning,  is  burned  under  boilers  for  furnishing  steam  power 
for  the  turbo-blowers  which  are  direct  connected  to  high-pressure 
steam  turbines.  For  the  gas  blowing  engines  the  gas  is  given  both 
piimary  and  secondary  cleaning.  In  each  case  the  same  value  is 
set  on  the  B.t.u.  contained  in  the  raw  or  uncleaned  gas  according  to 
the  local  price  of  coal.  This  is  an  equitable  basis  since  a  furnace 
plant  of  this  siase  would  be  in  close  proximity  to  steel  mills  in  which 
the  power  produced  from  surplus  blast-furnace  gas  is  entirely  used, 
thereby  displacing  coal  which  otherwise  would  be  burned.  The  gas 
is  therefore  not  a  waste  product. 

Since  the  B.t.u.  per  lb.  of  coal,  as  well  as  the  price,  vary  greatly 
in  different  localities,  a  unit  of  cost  of  fuel  per  1,000,000  B.t.u.  is 
used  to  facilitate  comparisons.  In  the  Pittsburgh  district  the  cost  is 
between  $0,035  and  $0.05  per  1,000,000  B.t.u.;  in  Ohio,  $0.05  to 
J90.065;  in  Illinois  and  Indiana  about  $0.08. 

The  heat  consmnption  for  blowing  the  furnace  plant  under  consider- 
ation involves  a  comparison  of  the  various  efficiencies  affecting  the 
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conversion  of  the  heat  in  the  gas  into  power  as  represented  by  the 
actual  delivery  of  compressed  air.  In  a&signing  values,  the  results 
of  actual  performance  under  operating  conditions  are  used  in  all  cases 
where  applicable  data  are  available  (Table  3). 

TABLE  S    DATA  AND  METHOD  USED  FN  OBTAINING  THE  FUEL  EXPENSE 

Type  of  Equipment  Turbo- 
Blast  preflBure.  lb.  per  sq.  In 16 

M.e.p.  of  adlabatlo  oompreoBlon,  lb.  periq.  In 11.4 

M.e.p.  In  air  tubs  of  blowing  engine,  lb.  per  sq.  In 

Efficiency  of  compression,  per  oont 

Displacement  of  tubs  per  furnaoe,  ou.  ft.  per  mln 

Volumetric  efficiency,  per  cent 

Air  dcUrered  to  blast  mains,  cu.  ft.  per  mln S5000 

Theoretical  air  h.p.  per  furnace 1775 

Air  h.p.  of  blowing  engine  per  furnace 

Mechanical  efficiency  of  tub,  per  cent 

Shaft  efficiency,  per  cent '       70 

B.h.p.  per  furnace :    S6S6 

Steam  consumption,  lb.  per  h.i>-hr ■    12.5 

Thermal  efficiency  at  shaft,  per  cent 9.46 

Thermal  efficiency  at  theoretical  air  h.p.,  per  cent 5. 83 

Heat  consumed  per  furnace,  1,000,000  B.t.u.  per  hr '    68.1 

Yearly  cost  of  fuel  per  1,000,000  B.t.u  for  four  fumaoes 

AtS0.04 8M6Q0  8UM0O  S  S9I0D  I 

At   0.08 14S600  ■  178000      58708 

At   0.08 1  191000    288000      78100 

At   0.10 ,298000    297000      97809 

At   0.12 '  287000  '  866000     117400    llMH 

At   0.14 1  885000    416000     186900    H 

Cost  of  fuel  per  1,000,000  B.t.u.  per  1,000.000  cu.  ft.  air 
Atl0.04 '    81.28      81.50      80.82     HJ 
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At  0.10 8.91  8.97  1.81  1 
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Notes  on  the  Tiirbo-Blmver.  The  shaft  efficiency,  or  the  relation  of  th 
power  in  tin*  discharged  air  to  the  shaft  power  for  the  particuhr 
turbo-blower  under  discussion  is  shown  to  be  70  per  cent.    Receirf 
developments  in  larger  sizes,  it  is  claimed  however,  have  result^ 
in  as  high  as  72.5  per  cent,  but  as  there  is  no  assurance  as  yet  tW 
the  efficiency  can  be  continuously  maintained  at  that  point  ufld* 
actual  operating  conditions,  70  per  cent  is  taken  as  a  fair  figure  h 
this  comparison. 

The  .steam  a  msumption  is  taken  at  12.5  lb.  per  b.h.p-hr.  At  ISS^  _ 
gage  pressure.  12r>  do^.  superheat  and  28.5  in.  vacuum  isi^m. 
efficiency  referred  to  the  Rankine  C3'cle  of  60  per  cent,  which  mff *  m'J 
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expected  from  a  turbine  of  this  size,  the  steam  consumption  would  be 
11.9  lb.,  which  is  increased  to  12.6  due  to  the  effect  of  variation  of 
operating  conditions. 

A  boiler  efficiency  of  62.6  per  cent  is  the  actual  performance  shown 
by  numerous  tests  of  gas-fired  boilers  with  superheaters  operating 
under  the  normal  conditions  prevailing  at  a  blast-furnace  plant.  It 
is  estimated  that  8  per  cent  of  the  total  steam  generated  goes  to  auxil- 
iaries of  boilers  and  turbo-blowers  and  to  miscellaneous  losses.  The 
boilers  for  the  turbo-blowers  are  considered  as  operating  at  140  lb. 
gage  pressure,  150  deg.  superheat  and  70  deg.  hot-well  temperature. 
Under  these  conditions,  the  thermal  efficiency  of  the  turbo-blower 
installation  complete  would  be  9.46  per  cent  at  b.h.p.,  or  6.62  per 
cent  at  h.p.  of  adiabatic  compression. 

Notes  on  the  Oas  Blowing  Engine.  The  shaft  efficiency,  or  the  rela- 
tion of  the  power  represented  by  the  actual  volume  of  compressed 
air  to  the  power  required  at  the  shaft,  consists  of  compression,  volu- 
metric and  mechanical  efficiencies. 

The  compression  efficiency  is  the  ratio  of  the  work  required  adia- 
batically  to  the  work  actually  done  in  the  blowing  tub.  The  losses 
consist  principally  of  those  due  to  inertia  and  mechanical  friction  of 
the  discharge  valves,  to  the  friction  of  air  through  the  passages  and 
to  late  opening  of  suction  valves  when  such  occurs.  These  sources 
of  loss,  taken  together,  amoimt  to  an  increase  in  work  of  15  to  18  per 
oent  over  theoretical  adiabatic  compression  for  certain  types  of  pot 
•Yslves  which  require  considerable  excess  pressure  for  opening.  The 
thin  plate  automatic  valves  on  Slick  tubs  show  very  small  losses; 
in  fact,  tests  made  on  Snow  engines  show  less  actual  work  than  theo- 
xetical  adiabatic  compression.  Radiation  and  water-cooled  heads 
Jiave  a  var3ring  effect  on  the  power  requirement.  The  results  of 
on  a  number  of  different  kinds  of  blowing  tubs  show  an  average 
of  about  6  per  cent  or  an  efficiency  of  compression  of  94  per  cent 
the  usual  blast  pressure  of  15  to  20  lb.,  but  varying  from  82  to 
L6  per  cent  within  the  range  of  5  to  30  lb.  pressure. 
The  volumetric  efficiency  is  the  ratio  of  the  measured  volume  of 
ir  actually  delivered  (reduced  to  atmospheric  pressiu*e)  to  the  volume 
piston  displacement.  The  losses  consist  of:  (a)  those  shown  on 
^indicator  cards  due  to  the  effect  of  clearance  and  friction  of  air  through 
aon  valves,  which  usually  range  between  0  and  5  per  cent;  (b) 
„,  of  air  past  the  suction  valves,  discharge  valves  and  piston; 
p^  the  effect  of  preheating  the  incoming  air  during  the  suction  stroke 
^~^  contact  with  the  surface  left  hot  by  the  preceding  discharge  stroke. 
made  on  seven  blowing  engines,  part  with  Southwark  tubs  and 
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part  with  Allis-Chalmers  tubs  having  Reynolds  valves,  show  volu- 
metric efficiencies  varying  from  79.2  to  89.4  per  cent,  with  blast  piw* 
sure  ranging  from  10  to  20  lb.  approximately.  As  some  of  the  enginei 
tested  had  been  in  service  a  number  of  years  and  were  consequently 
not  of  recent  design  nor  in  first-class  condition,  it  is  not  reasonable  to 
consider  the  results  obtained  therefrom  in  establishing  a  ratioDil 
figure  for  tubs  of  modem  design  and  in  fair  condition.  Volumetric 
efficiencies  of  85  to  98.4  per  cent  were  obtained  from  AUis-Chalmen 
tubs  with  Reynolds  pot  discharge  valves,  and  as  this  engine  had  been 
in  service  between  two  and  three  3'ears,  it  may  be  considered  in  iav 
condition.  Consequently,  in  this  discussion  89  per  cent  is  tebi 
applying  at  15  lb.  blast  pressure,  but  varying  from  91  to  86  per 
cent  at  5  and  30  lb.  blast  pressure  respectively. 

The  mechanical  efficiency  of  the  air  tub,  or  the  ratio  of  the  woik 
shown  on  the  air  card  to  the  work  required  at  the  shaft,  ranges  fraa 
86.8  per  cent  at  5  lb.  pressure  to  95.8  per  cent  at  30  lb.  pzeaBUt 
Tests  on  the  Snow  engines  with  Slick  tubs  show  500  h.p.  fnctiia 
loss  between  the  gas  and  air  cylinders,  when  blowing  35,400  ca.  ft 
displacement,  or  60  r.p.m.  at  15  to  20  lb.  blast  pressure.     The  actnl 
horsepower  developed  in  the  gas  cylinders  was  2400,  while  1900  wv 
shown  in  the  air  cylinders,  or  500  h.p.  loss.    As  the  speed  during  tb 
tests  was  greater  than  necessary  for  blowing  two-thirds  of  the  requin* 
ment  of  a  blast  furnace,  the  friction  is  taken  at  420  h.p.,  the  actoil 
loss  shown  at  the  required  speed.    Taking  420  h.p.  as  the  aven# 
total  friction  loss  between  gas  and  air  cylinders,  the  correspondiv 
mechanical  efficiency  is  79  per  cent  at  1980  i.h.p.  which  the  Snow  teilij 
showed  necessar>'  in  the  gas  cylinders  for  46  r.p.m.,  or  26,670  eoJt, 
displacement  at  20  lb.  blast.    Records  of  tests  on  electric  engiDfl^'i 
similar  size  and  load  show  about  84  per  cent  efficiency  betin0] 
gas  cylinders  and  shaft.    The  difference  between  79  per  cent  and  Si 
per  cent  is  100  h.p.  chargeable  to  air  tub  friction.    The  remainingS' 
h.p.  is  the  friction  loss  between  gas  cylinders  and  shaft.    Thewtoj 
tlie  shaft  horsepower  is  1980-320,  or  1660.    The  friction  loss  of  * 
tubs  is  i'.;'"i.,  or  6  per  cent,  and  the  mechanical  efficiency  is  94  p* 
cent.    This  applies  to  Slick  tubs  having  a  minimum  of  valve  g*j 
For  tlie  average  of  various  types  of  tubs  the  mechanical  cfficWj 
is  taken  at  02  per  cent.    These  three  efficiencies  of  the  air  tub 
together  show  a  net  shaft  efficiency  of  about  77  per  cent  withi> 
range  of  15  to  20  lb.  blast  pressure. 

The  thermal  efficiency  at  the  shaft  is  about  21  per  cent  for 
operation  at  a  blast  pressure  between  15  and  20  lb.,  which  is  Itf'' 
the  results  obtained  from  tests  on  Snow  engines.     Two  serieBoft^B  v 
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ffvemadei  one  at  constant  pressure  of  20  lb.  with  variable  speed,  and 
the  other  at  constant  speed  of  60  r.p.m.  with  variable  pressure.  The 
farmer  showed  a  thermal  efficiency  of  30  per  cent  referred  to  the  i.h.p. 
rf  the  gas  cylinders  at  40  to  65  r.p.m.  and  the  latter  showed  29  per 
cent  on  the  same  basis  at  10  to  20  lb.  blast  pressure.  These  efficien- 
dee  rrferred  to.  the  gas  cylinder  power  are  equivalent  to  24  or  25  per 
eent  thermal  efficiency  referred  to  shaft  power.  These  tests  were 
made  at  higher  loads  than  necessary  for  blowing  two-thirds  of  the 
requirement  of  a  blast  furnace,  at  which  load  23  and  24  per  cent  were 
obtamed.  Since  the  results  were  secured  during  comparatively  short 
test  periods  of  four  hours  each  and  since  there  is  no  assurance  that 
they  would  be  duplicated  in  long  periods,  21  per  cent  thermal  effi- 
ciency is  considered  a  reasonable  figure  for  the  purpose  of  this  dis- 
union. 

I  The  net  thermal  efficiency  referred  to  the  theoretical  air  horse- 
power is  the  product  of  the  shaft  efficiency  and  the  thermal  efficiency 
tt  tiie  shaft.  This  amoimts  to  16.2  per  cent  at  15  to  20  lb.  blast 
preaaore  and  varies  from  9.5  per  cent  at  5  lb.  pressure  to  17.8  per  cent 
at  30  lb.  pressure. 

Operatian  Expense.  As  in  the  case  of  cost  of  installation  it  has  been 
oeeessary  to  estimate  the  costs  of  the  items  making  up  the  total  cost 
rf  operating  the  turbo-blower  equipment.  The  basis  for  estimating 
the  gas-cleaning  and  boiler-plant  expense  is  the  actual  cost  of  similar 
operation  imder  steel-mill  conditions  and  the  expenses  applying  to 
the  turbo-blowers  are  based  on  detailed  analysis  of  the  various  oper- 
tfng  costs  of  a  number  of  high-grade  turbo-electric  plants  of  the 
flame  sise  approximately,  which  seem  to  be  proper  sources  of  data 
Q&  account  of  the  similarity  of  equipments.  In  the  case  of  gas  blow- 
mgenj^es  the  operation  expense  is  the  direct  result  of  comparing  the 
*6bial  costs  for  several  gas  blowing  plants. 

Coer  OF  Opbration  (without  Fuel)  of  Turbo-Blower  Installation 

FOR  Four  600-Ton  Blast  Furnaces 

Per  1,000,000 
Per  Year     Cu.  Ft .  Delivered 
(74,845  million) 

GMckaning $  8,500  $0,113 

Wler  plant  expenses 24,000  0.321 

^npwwTB,  wipers,  etc 14,600  0.199 

i      l^r  and  material  in  repairs  and  maintenance      10,000  0.134 

I      UbricanU 750  0.010 

^      "Took  and  miscellaneous  supplies 750  0.010 

^^^ 2,500  0.033 


'^^^ $61,100  $0,820 
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?osT  OF  Opbbation  (wtthout  Fubl)  OF  Gab  Blowing  Enoinb  Inbtallatioii 

FOR  Four  500-Ton  Blast  Furnacbs 

Per  1.000,000 
Per  Year     Cu.  Ft.  Delivered 
(74,846  miUion) 

Cost  of  purification $17,600  10.235 

Engineers  and  wipers 21,100        '        0.282 

Labor  and  material  in  repairs  and  maintenance. .  20,000  0.288 

Lubricants 8,200  0.110 

Tools  and  miscellaneous  supplies 860  0.010 

Water 4,400  0.060 

Electric  power 350  0.005 

Total $72,600  $0,070 

Fixed  Charges.  Since  there  are  no  turbo-blower  installations  of 
this  particular  size  and  equipment,  the  cost  of  installation  has  been 
estimated  with  due  consideration  of  available  data  on  actual  costs  of 
material  and  construction  of  similar  apparatus.  In  the  case  of  the 
slow-speed  gas  blowing  engines,  the  cost  is  an  estimate  on  a  modd 
installation,  combining  the  best  features  of  a  number  of  actual  plants 
and  making  use  of  data  on  the  actual  expenditures  for  plants  of  capa^ 
ities  almost  identical  with  the  turbo-blower  installation.  Although 
there  are  at  hand  no  data  on  the  costs  of  exclusively  high-speed  gas 
blowing-engine  installations,  use  has  been  made  of  the  afore-men- 
tioned data  on  slow-speed  equipments  modified  to  take  account  of 
reduced  space  and  present  prices  of  the  high-speed  equipment. 


Co3T  OP  Installation  and  Fi>cbd  Cuargbs  on  a  Turbo-Blowss 
Equipment  Complete  for  Four  5(K)-Ton  Blast  Furnaces 
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Cost  .§>:      8  6  5  uP^ 

"  2      Q,^  a         -§8 
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Gns-cleaning  plant $27,000      15  4.2  H.UO 

Boiler  house 

Excavating  and  filling $1,800 

Foundations 2,520  20  2.8  70 

Building ;W)00  20  2.8  860 

Floors,  etc l.O*^  20  2.8  30 

Total .SO.OOO  2.8 
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Cost  or  Installation  and  Fizbd  Ghabgbs  on  a  Turbo-Blowbb 
Bquipmbnt  Complbtb  for  Four  503-Ton  Blast  Fctrnacbs— Continued 
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15 
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filers 

Excavating  and  filling 1,080 

Foundations 5,400  18  3.3  180. 

Boilers  complete 100,800  18  3  3  3,320 

Steam  pipes 28,800  18  3.3  050 

Feedwater  system 18,000  15  4.2  760 

Blow^ff  pipes,  etc 4,320  15  4.2  180 

Gas  flues,  burners,  etc 25,200  10  7.2  1 ,810 

Superheaters 32,400  10  7.2  2,330 

Total 216.000  4.4  9,630 

Building  for  turbo-blower 

£icayating  and  filling 2,500 

Foundations 4,000 

Building 26,000 

Floors,  etc 8,000 

Crane 7,500 

Total 48,000  3.1  1,600 

'I'wbo-blowers 

Excavating  and  filling 5,000 

Foundations 10,000 

Turbo-blower  erected 320,000 

Condenser 120,000 

Fiping  and  sewers 45,000 

Blast  pipes 48,000 

Total 

Total  investment 

Fixed  charges 

depreciation 

Interest  on  investment 

Taxes 

Insurance 

Total 

Total  per  1,000,000  cu.  ft. 
air 1.60 
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420 
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7.2 

23,000 

10 

7.2 

8.640 

10 

7.2 

3,240 

18 

3.3 

1,580 

548,000 

6.7 

36,880 

875,000 

Per  Cent          Per  Year 

5.7 

60,000 

6.0 

52,500 

1.5 

13,120 

0.5 

4,380 

13.7 

120,000 
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Cost  of  Installation  and  Fixed  Charges  for  a  SLOW-SpsaD  Q 
Blowing  Engine  Equipment  Complete  for  Four 
500-Ton  Blast  Furnaces 


II     l«l        ^i 


Sag  " 

-I    1?^ 

Cost  S  '^^       8 1  S 


OQ 


20 

2.8 

990 

20 

2.8 

3,420 

15 

4.2 

1,430 

15 

4.2 

500 

Gas-cleaning  plant 

Excavating  and  filling.. . .  $2,400 

Foundations 9,000  10  7.2  6G0 

Building 7,000  15  4.2  300 

Gas  washers  (static) 37,000  15  4.2  1,550 

Gasholder 8,200  15  4.2  340 

Machinery  (rotary  washer)  23,200  10  7.2  1,670 

Piping 29,200  15  4.2  1,230 

Total 116,000  4.9 


Building  for  engines 

Excavating  and  filling. . .  7,000 

Foundations 14,000 

Building 122,000 

Floors 34,000 

Crane 12,000 

Total 189,000  3.0 


Gas  blowing  engines 

Excavating  and  filling 14,000 

Foundations 60,000 

Engines 1,096,000 

Piping 60,000 

Blast  pipes 75,000 

Total 

Total  investment 


Fixed  charges 

Depreciation 

Interest 

Taxes 

Insurance 

Total 

Total  per  1,000,000  cu.  ft. 
air 


15 

4.2      2,520 

10 

7.2     78.910 

10 

7.2      4,320 

18 

3.3      2,770 

1,305,000 

6.8                  S 

1,610,000 

Per  Cent         Per 
6.2                 IC 
6.0                  ( 
1.5                  S 
0.5 
14.2                 2S 
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Cost  of  Installation  and  Fixibd  Charqbs  por  a  High-Spbbd  Gas 

Blowing  Engine  Equipment  Complete  fob  Four 

500-Ton  Blast  Furnaces 


Cost 


Estimate 
Life,  Years 

Dq)reciation 

at  6  per  Cent 

Interest 

Sinking  Fund 
Per  Year 

•  • 

10 

•  •  • 

7.2 

•  •  • 

050 

15 

4.2 

300 

15 

4.2 

1,550 

15 

4.2 

340 

10 

7.2 

1,670 

15 

4.2 
4.9 

1,230 

Gas-cleaning  plant 

Excavating  and  filling $2,400 

Foundations 9,000 

Building 7,000 

Gas  washers  (static) 37,000 

Gas  holder 8,200 

Machinery  (rotary  washers)  23,200 

Piping 29,200 

"       Total 116,000  4.9  5,740 


Building  for  engines 

Ezeavating  and  filling 6fiOO 

Foundations lOfiOO 

Building 93,500 

Floors 26,000 

Crane 9,500 

Total 144,000  3.1  4,390 


Gas  blowing  engines 

Excavating  and  filling 10,000 

Foundations 40,000 

Engines 842,000 

Piping 55,000 

Blast  pipes 70,000 

Total 1,017,000 

Total  investment 1,277,000 


''Saed  charges 
Depreciation. 
Interest 


20 

2.8 

280 

20 

2.8 

2,620 

15 

4.2 

1,090 

15 

4.2 

400 

Xnearance 

Total 

Total  per  1,000,000  cu.  ft. 
air 2.41 


15 

4.2 

1,680 

10 

7.2 

60,620 

10 

7.2 

3,960 

18 

3.3 

2,310 

68,570 

Per  Cent 

i          Per  Year 

6.2 

78,700 

6.0 

76,620 

1.5 

19,155 

0.5 

6,385 

14.2 

180,860 
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Notes  on  Turbo-Blower  Installation.  The  gas-cleaning  plant  is 
composed  of  static  wet  cleaners  of  the  tower  type  with  a  capacity  oi 
3,300,000  cu.  ft.  per  hr.  cleaned  to  0.25  grain  per  cu.  ft. 

The  boiler  plant  consists  of  7200  h.p.  of  water  tube  gas-fired  boilen 
with  provision  for  coal  firing,  superheaters,  feedwater  system,  steam 
and  water  piping  contained  in  an  all-steel  building  of  the  class  com- 
mon in  steel  plants.    The  normal  requirement  of  the  turbo-blowen 
including  auxiliaries  and  losses  is  6000  b.h.p.,  the  remaining  1200 
h.p.  being  for  spare  use  and  cleaning. 

The  turbo-blower  plant  includes  six  turbo-blower  units  driven  by 
direct-connected  high-pressure  steam  turbines,  each  having  a  rated 
capacity  of  35,600  cu.  ft.  per  min.  at  15  to  20  lb.  blast  pressure,  there 
being  two  units  to  spare.  Each  blower  has  a  surface  condenser  for 
40,000  lb.  of  steam  per  hour  and  28.5  in.  vacuum  with  70  deg.  water. 
Each  condenser  requires  7200  gal.  of  circulating  water,  pumped  by 
an  18-in.  centrifugal  pump  for  each  unit.  The  circulating  and  hot' 
well  pumps  are  driven  by  steam  turbines  and  the  air  pump  by  a 
reciprocating  engine.  All  auxiliaries  are  located  in  the  basement 
The  water  supply  to  the  pumps  is  through  a  7-ft.  conduit,  assumed 
400  ft.  loDg,  and  the  sewer  is  of  similar  size  and  length.  The  blast 
piping  includes  receivers,  valves,  cross-connections  and  all  pipng 
to  the  mains  outside  the  building.  The  building  is  50  ft.  by  175 
ft.  of  brick,  painted  inside,  with  concrete  floor. 

Notes  on  Gas  Blowing  Engine  Installation,    The  gas-cleaning  |Jant 
consists  of  a  preliminary  and  a  secondary  part,  the  former  com- 
prising three  wet  scrubbers  (tower  washers)  and  the  latter  three 
Theisen  gas  washers  operated  by  electric  motors.    The  mechaiucal 
equipment  (rotary  washers)  is  installed  in  a  steel  building  with  brick 
walls,  painted  inside  and  provided  with  all  auxiliaries  such  as  pumps, 
switchboard,   wiring,  gages,  safety  appliances,  etc.    A  small  g^ 
holder  acting  as  gas-pressure  regulator  is  included,  as  well  as  a  settliDg 
tank  to  purify  the  waste  water  from  the  gas-cleaning  plant  and  all  th«* 
piping  connecting  the  various  parts  of  it  also  provided.     The  total 
capacity  would  be  about  25,000  cu.  ft.  of  gas  per  minute. 

The  blowing-eusiuo  Iiouse  is  a  stecJ  frame  building  with  brick 
walls,  y)aiiit(Hl  inside,  large  windows,  vontilation,  a  skylight,  rein- 
forced (Mjncrcto  floors,  a  spacious  basement  10  ft.  high.  30-tou  electric 
trnveliii";  crane  with  main  and  auxiliaiT  hoist,  safety  and  sanitarv 

■  •  •  • 

a|)plianees,  eleetric  lighting:,  ofliec,  ele.  The  width  of  the  building 
fur  sl<)u->|H'r(I  Mnwinir  <'njrin»'<  is  alMuit  lO.")  ft.  bolween  the  centoi 
line  of  e<>lmmi>  .-unl   ij    i;-  a])«)ut  !M)  ft.  for  high-siK^eil  gas  blowing 
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The  gas  blowing-engine  equipment  consists  in  the  case  of  slow-speed 
gas  blowing  enginesjof  eight  ^doubl^actmg,  twin-tandem,  gas 
engines  about  42  in.  by  60  in.  stroke,  operating  blowing  tubs  of 
about  72  in.  in  diameter  at  a  normal  speed  of  50  to  60  r.p.m.  The 
alternative  case  of  high-speed  engine  equipment  comprises  eight 
double-acting,  twin-tandem,  gas  blowing  engines;  about  38  in.  in  diam- 
eter of  gas  cylinders;  64  in.  in  diameter  of  blowing  tubs,  50  in. 
stroke,  operating  normally  at  about  85  to  90  r.p.m. 

Depreciation  is  understood  as  the  amount  of  money  set  aside 
yearly,  which  compounded  at  an  accepted  rate  of  interest  would 
equal  the  original  investment  at  such  a  time  as  replacement  is 
necessitated  through  obsolescence,  age  or  inadequacy. 

From  these  figures  it  will  be  seen  that  while  a  turbo-blower  instal- 
lation under  certain  conditions  is  more  economical  from  a  commer- 
cial standpoint  than  an  installation  of  slow-speed  gas  blowing  engines, 
modem  high-speed  gas    blowing  engines,    as   advocated    by   Mr. 
Trinks^andas  used  in  German 'blast  furnaces  and  steel  plants,  offer 
marked  advantages  over  the  turbo-blower  as  a  financial  investment. 
The  present  tendency  towards  high-speed  machinery  is  sure  to 
extend  its  influence  to  the  gas  engine  and  particularly  the  gas  blowing 
engine.    The  only  difficulty  which  so  far  has  stood  in  the  way  in 
this  country  of  the  development  of  high-speed  gas  blowing  engines 
the  lack  of  a  blowing  tub  which  would  operate  successfully  on 
speeds.    This  side  of  the  proposition  has  been  very  ably  and 
fully  dealt  with  in  Mr.  Trinks'  paper.* 

A  recent  trip  through  Europe  has  revealed  the  fact  that  in  spite  of 
the  development  of  the  turbo-blower  by  several  manufacturing  con- 
cerns in  Germany,  the  gas  blowing  engine  is  more  than  holding  its 
^»wn,  due  to  the  high  price  of  coal,  since  certain  turbo-blower  installa- 
'Cums  did  not  give  as  satisfactory  results  as  had  been  claimed  for  this 
i'^ne  of  blowing  engine. 

^jt  Looking  at  the  proposition  merely  from  a  short-range  commercial 
!r-:itfteidpoint,  it  must  be  conceded  that  for  isolated  blast-furnace  plants 
no  use  can  be  made  of  the  excess  gas  produced  by  the  blast  fur- 
,  the  turbo-blower  is  unquestionably  very  desirable,  in  fact, 

_^ as  an  ideal  apparatus  for  blowing  smaller  furnaces,  and 

^  ^  likely  to  prevent  very  successfully  the  introduction  of  gas  blow- 
engines  in  such  cases,  except  when  blast-furnace  proprietors  in  a 
^       ^vict  reach  such  an  agreement  as  exists  in  several  instances  in 


iprocating  Blast-Furnace  Blowing  Engines,  Trans.  Am.  Soc.  M.  E., 

9Q    •«    Aoa 
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Germany,  for  the  purpose  of  producing  cheap  electric  power  for  s 
to  communities  and  industrial  establishments,  of  all  kinds  local 
in  the  neighborhood  of  these  isolated  plants. 

Thus,  even  in  isolated  blast-furnace  plants  very  careful  investif 
tions  should  be  made  before  the  gas  engine  is  discarded  as  a  posal 
competitor  for  steam  equipment,  since  a  lucrative  field  for  dispoi 
of  surplus  electric  power  may  be  thrown  open  by  the  organisafci 
of  such  syndicates  of  otherwise  competing  blast-furnace  and  sfa 
works.  They  would  have  the  additional  advantage  that  each  co 
stituent  company  could  obtain  power  from  the  common  system  i 
low  cost  in  case  their  own  power  production  is  curtailed  by  accideni 
to  their  machinery  or  by  reduced  output  of  their  furnaces. 

In  spite  of  all  computations  endeavoring  to  prove  that  the  steai 
turbine  or  turbine-driven  turbo-blower  are  commercially  superior  o 
account  of  the  low  cost  of  installation  and  operation,  it  is  impoeabl 
to  get  around  the  fact  that  the  surplus  gas  of  blast  furnaces  whe 
converted  into  power  in  internal-combustion  engines,  yields  m 
twice  the  amount  of  energy  possible  when  the  conversion  takes  plac 
in  the  roundabout  way  of  steam  boiler  and  reciprocating  engine  c 
steam  turbine.  To  emphasize  this  statement  it  needs  only  to  b 
pointed  out  that  of  the  total  gas  production  of  four  500-ton  bitf 
furnaces  of  about  13,000,000  cu.  ft.  per  hr.,  there  remains  availiU 
for  purposes  outside  the  blast-furnace  requirements  themselves,  3,750, 
000  cu.  ft.  per  hr.  in  the  case  of  the  turbo-blower  installation,  whil 
this  surplus  amounts  to  5,670,000  cu.  ft.  per  hr.  when  gas  blowini 
engines  are  used.  In  the  former  case  an  electric  station  of  aboo 
10,000  kw.  capacity,  equipped  with  steam  turbines,  could  be  operate) 
without  burning  additional  coal  under  boilers,  whereas  in  the  latte 
case  a  gas-engine  central  station  of  about  30,000  kw.  capacity  cook 
be  installed  and  operated. ' 

In  view  of  the  natural  tendency  towards  reducing  the  cost  of  inatal 

■ 

lation  and  operation  of  power  plants  and  of  the  constant  increase  n 
the  price  of  coal,  it  is  very  clear  that  the  internal-combustion  engiDi 
is  bound  to  gain  in  value  as  a  prime  mover  in  the  future.  The  smob 
nuisance,  the  difficulties  of  coal  shortage,  car  famine,  etc.,  in  thec0 
of  steam-power  installations  are  mentioned  only  incidentally  in  tbtf 
influence  upon  the  probable  development  of  gas  power. 

Recently  means  have  been  found  to  increase  still  further  the  effi 
ciency  of  gas-power  plants  by  recovering  the  waste  heat  fonwrt 
lost  in  cooling  water  and  exhaust.  Experiences  in  a  large  Belp* 
blast-furnace  and  steel  plant  have  proved  that  about  13  per  omt  B^^ 
power  can  be  obtained  from  the  same  input  of  heat  units  by  bains' 
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iog  in  the  fonn  of  low-pressure  steam  a  large  portion  of  the  waste 
heat  of  gas  engines. 

In  power  plants  of  the  future,  the  installation  of  waste  heat  recovery 
aiq£anoes  will  permit  of  obtaining  continuous  high  thermal  efficiency 
of  tike  gas  engines  by  maintaining  uniform  high  load  on  these  engines, 
while  peak  loads  will  be  carried  by  low-pressure,  steam  turbo-gener- 

The  suggestion  offered  by  Mr.  Johnson  in  regard  to  a  combination 
of  low-pressure  steam  turbo-blowers  and  reciprocating  steam-blowing 
engineS)  can  be  considerably  improved  and  elaborated  upon,  since 
it  would  seem  much  more  economical  to  install  in  a  new  blast-fur- 
nace plant  several  large  turbo-blowers,  operated  by  low-pressure 
iteam  turbines,  running  on  steam  generated  by  the  waste  heat  recov- 
ered from  cooling  water  and  exhaust  of  gas  electric  and  gas  blowing 
eqpnes.  These  turbo-blowers  would  deliver  the  total  amount  of 
air  necessary  for  all  furnaces  at  low  pressure  into  an  air-tight  tunnel 
or  header^  from  which  a  number  of  gas  blowing  engines  would  be  sup- 
pliei  The  latter  would  compress  the  blast  in  a  second  stage,  as  it 
woe,  to  regular  blast  pressure. 

^th  such  a  combination  the  fuel  cost  for  obtaining  low-pressure 
blast  would  be  practically  nothing  and  the  cost  of  operation  and  fixed 
duffges  moderate,  on  account  of  the  rotary  type  and  reduced  cost  of 
installation  of  the  first-stage  machinery.  Moreover,  the  first  cost 
end  operating  expenses  as  well  as  fuel  cost  for  the  gas  blowing  engines 
themselves  would  be  reduced,  since  a  smaller  number  of  smaller  gas 
Uowing  engines  would  suffice.  The  volumetric  efficiency  of  the 
hbwiiig  tubs  would  be  practically  100  per  cent,  since  the  air  delivered 
Iqr  the  turbo-blowers  could  easily  be  cooled  by  means  of  pipe  coils 
ananged  in  the  air-tight  tunnel,  through  which  the  engine  cooling 
water  would  circulate  before  entering  the  gas-engine  water  jackets. 

The  safety  of  blast-furnace  operation  would  suffer  in  no  way, 
>Dee  in  case  of  shutdowns  of  the  turbo-blowers,  the  gas  blowing 
>tine8  would  insure  delivery  of  a  reduced  quantity  of  air;  while  in 
tte  event  of  trouble  with  the  gas  engines,  large  quantities  of  low- 
pesBore  air  would  be  available  to  keep  the  gas  out  of  the  cold  blast 

Knee  conservative  estimates  show  that  at  least  12  per  cent  of  the 
power  produced  in  gas  engines  is  available  for  low-pressure  steam 
Mines  in  the  waste  heat,  25  per  cent  and  more  of  the  power  neces- 
^  for  blowing  the  furnaces  could  be  secured  by  the  utilization  of 
the  ivute  heat  from  gas  blowing  engine  and  gas-electric  engine 
■HtaHitkmp 
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The  Author.  The  question  of  efficiency  and  accuracy  of  ooDtral 
of  the  rate  of  flow  of  air  into  the  furnace,  which  is  one  of  the  vitil 
questions  to  be  considered  in  connection  with  turbo-compreaBon, 
consists  in  reality  of  two  parts,  (a)  a  knowledge  of  the  exact  rate  of 
flow  at  any  particular  time,  and  (b)  the  accuracy  with  which  this 
rate  of  flow  can  be  changed.  In  both  cases  the  turbo-compreflBor 
stands  alone,  and  by  virtue  of  the  great  accuracy  with  which  the 
rate  of  flow  can  be  determined,  and  controlled  and  varied  throu^ 
as  slight  or  as  great  ranges  as  may  be  desired,  will  g^ve  unprecedented 
control  over  the  variations  of  the  furnace  to  the  furnace  man,  and 
enable  him  to  produce  more  uniform  quality  of  iron  under  greater 
quantity  from  any  given  furnace. 

The  variation  per  stroke  in  volume  discharged  from  any  given 
reciprocating  compressor  when  blowing  at  pressures  of  10  or  20  Ih 
(both  of  which  are  common  in  practice),  due  to  the  variations  in  the 
quantity  of  air  required  to  fill  the  clearance  space  at  these  different 
pressures,  is  far  greater  than  the  variations  due  to  the  inaccuraiy 
of  the  calibration  of  the  constant  volume  governor  scale  beam  on  tk 
centrifugal  compressors.      In  addition  the  reciprocating  blowiflf 
engine  suffers  from  variations  due  to  leakageSi  pulsations  in  tb 
blast  main,  and  other  causes  which,  when  summed  up,  render  v^ 
certain  the  exact  quantity  of  air  flowing  into  the  furnace,    ^ne0^ 
tainties  do  not  exist  when  the  centrifugal  compressor  is  used,  for  the 
blast-furnace  operator  is  furnished  with  a  means  of  measuring  the 
air  accurately  and  controlling  it  with  any  necessary  d^ree  of  pe* 
cision. 

The  method  proposed  by  Mr.  Dreyfus  of  blowing  air  to  a  cautt^ 
pressure  in  a  turbine-driven  compressor  and  taking  constant  p* 
sure  into  a  reciprocating  blowing  engine  is  not  one  made  neceBHIT 
by  the  considerations  set  forth.  The  turbo-compressor  can  be  it 
signed  with  a  reasonable  number  of  stages  to  give  pressures  requin' 
in  the  normal  operation  of  the  blast  furnace,  and  by  a  very  modenh 
iniTease  in  speed  it  can  be  made  to  give,  with  good  eflKdency,  * 
maximum  pressures  required  in  such  service.  Therefore  it  is  ** 
necessary  to  use  this  type  of  blowing  engine  as  a  booster.  Sitt^ 
fication  and  accuracy  of  operation  are  obtained  in  the  highest  d^! 
consistent  with  maximum  economy  by  taking  the  air  from  the  toito* 
compressor  directly  into  the  furnace. 

The  method  of  operation  where  the  turbo-compressor  is  usedtf*] 
booster  does  not  realize  tlie  full  benefits  of  the  accurate  control  W 
uniform  flow  of  air  afforded  by  the  turbo-compresaor,  and  it  is  thi^ 
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fore  objectionable.  It  is,  however,  extremely  economical  to  use 
steam  from  reciprocating  blowing  engines  in  a  mixed  pressure  tur- 
bine driving  a  turbo-oompressor,  and  seve^'al  such  installations  are 
now  in  contemplation.  In  such  cases,  the  best  arrangement  is  for 
the  reciprocating  blowing  engines  to  blow  directly  into  one  furnace, 
ttid  the  turbo-compressors  into  another,  allowing  each  apparatus  to 
be  governed  in  the  ordinary  manner  by  its  own  governing  mech- 
anism. 
The  use  of  dry  blast  in  a  turbo-compressor  results  in  increased 

effidency,  since  the  air  is  delivered  to  the  iurbo-compressor  at  a 
greater  density  than  where  it  is  taken  from  the  atmosphere  direct, 
and  this  greater  density  results  in  the  production  of  the  pressure  at 
a  lower  speed  and  less  consumption  of  steam. 

The  description  of  the  centrifugal  air  compressor  developed  by 
the  Westinghouse  Machine  Company  and  the  high  efficiencies 
dauned  for  this  machine  are  extremely  interesting.  These  latter 
would  be  gratifying  if  realized  in  practice,  but  tests  of  the  Great 
Falls  apparatus  which  have  come  under  the  knowledge  of  the  writer 
indicate  that  the  measurements  of  efficiency  are  made  on  an  erro- 
neous basis,  and  that  such  machines  not  provided  with  discharge 
vanes,  but  with  rather  imperfect  types  of  impellers,  are  not  able  to 
give  the  efficiency  realized  by  the  apparatus  which  form  the  subject 
of  the  author's  paper. 

Mr.  de  Laval  called  attention  to  the  fact  that  it  is  not  necessary 
to  use  six  stages  in  series  for  pressures  as  low  as  10  to  20  lb.  This  is 
undoubtedly  true  where  higher  speed  turbines  are  available  for 
drivmg  such  apparatus.  At  the  time  the  Empire  machine  was  de- 
sgned  such  was  not  the  case.  Machines  for  these  pressures  are  now 
provided  with  only  three  stages  and  attain  a  higher  efficiency  be- 
csuae  of  the  higher  speed  and  the  smaller  losses  resulting.  Under 
these  circumstances,  it  is  not  desirable  to  reduce  the  diameter  of  the 
«wond  or  third  impeller  as  advocated  by  Mr.  de  Laval,  but  only  in 
esses  where  the  pressures  to  be  realized  are  considerably  higher. 

The  great  differences  between  the  Rateau  multi-stage  compressors 
•od  those  of  the  type  described  by  the  author  reside  in  the  method 
^  balancing  end  thrust,  by  Rateau  in  separate  impellers  and  in  the 
other  type  by  double  inlet  impellers,  and  in  the  governing  mech- 
anism. 

The  arrangement  of  impellers  used  by  Rateau  results  in  "pumping'' 
of  air  back  and  forth  between  one  and  the  other  at  light  loads.  This 
PWnping  effect  does  not  exist  in  the  machine  described. 
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The  radical  difference  in  the  governing  mechanism  lies  in 
General  Electric  governing  mechanism  being  placed  on  the  inlet,  a 
therefore,  subject  to  far  l^ss  variations  in  density,  pressure  and  tc 
perature  of  air  than  where  the  governor  is  on  the  discharge. 

Professor  Trinks  mentioned  that  many  of  the  turbo-blowers  ahrc 
were  not  in  operation.  The  author  believes  this  to  be  due  to  the  U 
that  the  method  of  governing  such  machines  is  not  sufficiently  ac* 
rate  to  cause  good  results,  whereas  the  accuracy  of  the  apparal 
described  in  this  paper  leaves  nothing  to  be  desired. 

Mr.  de  Laval  referred  to  an  automatic  outlet  valve  vsed  to  pi 
vent  detrimental  pulsation  of  air  at  partial  capacities.  The  san 
remarks  that  have  been  made  in  connection  with  the  air  govenM 
apply  to  this  apparatus.  After  extensive  experiments  the  aath( 
believes  it  is  much  better  to  control  the  air  pulsations  by  apparak 
on  the  inlet  than  on  the  discharge. 

It  is  gratifying  to  see  that  Messrs.  Freyn  and  Bacon  apparent! 
agree  that  for  installations  involving  the  blowing  of  less  than  foe 
furnaces,  the  turbo-blower  is  superior  to  the  gas  engine,  since  the 
do  not  attempt  to  study  installations  involving  a  smaller  number  ( 
units.  As  regards  their  figures  for  plants  involving  blowing  foo 
furnaces  or  more,  there  are  a  number  of  serious  objections  to  be  madi 
In  addition,  the  author  feels  that  if  Messrs.  Freyn  and  Bacon  ha 
given  full  credit  to  the  increased  value  of  the  output  due  to  the  moi 
accurate  governing  of  the  turbo-compressor,  and  the  consequent); 
increased  quality  of  the  product  and  its  increased  amount  due  to  th 
more  uniform  operation  of  the  furnace  resulting  from  the  emploj 
ment  of  the  turbo-compressor  with  this  method  of  governing,  the 
conclusions  would  have  been  modified  even  in  the  case  of  the  plant 
they  discuss.  It  is  difficult  perhaps  for  furnace  men  to  realiacth 
value  of  this  feature  or  to  give  it  proper  credit. 

Referring  to  the  figures  for  the  installation  and  operating  expcnae 
of  various  plants,  it  will  be  noted  that  the  assumption  is  made  tha 
each  gas  engine  shall  have  the  capacity  to  blow  two-thirds  of  a  furnact 
Such  a  method  of  operation  of  furnace  blowing  units  is  extmndi 
undesirable,  since  it  leads  to  the  imposition  of  tremendous  strain 
upon  the  blowing  engine,  requiring  the  outlay  of  a  considffabl; 
larger  investment  cost  than  has  been  used  by  these  authors  in  thei 
tables,  or  resulting  in  a  much  larger  cost  of  repair  and  maintenanc 
than  they  have  used.  Nothing  approaching  the  best  results  intl 
operatir)n  of  a  blast  furnace  can  he  obtained  by  such  a  method  • 
operation.    The  author  knows  of  two  cases  where  in  the  use  of  sue 
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a  method  serious  difficulties  and  abnormal  expenses  for  repairs  to 
blowing  en^es  resulted. 

The  adequacy  of  the  number  of  units  specified  by  these  authors 
is  questioned  in  the  case  of  gas  engines  to  provide  the  necessary 
amount  of  spares  that  the  operation  of  the  group  of  four  furnaces 
can  be  maintained  at  full  capacity  at  all  times  when  the  condition 
of  the  furnace  renders  such  operation  possible.  Information  from  all 
sources  as  to  the  continuity  of  operation  of  gas  engines  for  blowing 
blast  furnaces  confirms  the  opinion  that  instead  of  eight  units  as 
specified  by  Messrs.  Freyn  and  Bacon,  ten  units  would  be  none  too 
many.  If  such  is  the  case,  the  figures  for  the  cost  of  installation, 
interest  charges,  repairs,  operating  costs,  etc.,  must  be  considerably 
raised  against  the  gas  blowing  engine  with  turbo-compressors  for 
this  purpose.  In  this  case  also,  if  sufficient  first  cost  was  put  into 
the  blowing  eiigines  to  secure  necessary  reliability  and  to  render  the 
above  number  of  units  sufficient,  the  investment  cost  would  have  to 
be  largely  increased. 

Messrs.  Freyn  and  Bacon  have  assumed  that  the  entire  plant  of 
four  furnaces  would  operate  continuously  at  the  rated  capacity  of 
500  tons  per  day.  The  author  believes  that  such  an  installation 
operating  continuously  for  any  considerable  length  of  time  at  the 
rated  capacity  has  never  existed.  Messrs.  Freyn  and  Bacon  state: 
"In  case  of  reduced  output,  or  of  partial  shutdown,  due  to  dull  busi- 
Jiess,  relining  furnaces,  etc.,  the  reduction  in  the  item  of  fuel  expense 
would  be  about  twice  as  great  with  turbo-blowers  as  with  the  gas 
coguies,  while  the  item  of  fixed  charges  would  continue  at  the  same 
fate,  resulting  in  a  greater  net  decrease  in  the  total  expense  for  the 
turbo-blowers  than  for  the  gas  engines."  That  is  to  say,  if  ordinary 
instead  of  theoretical  operating  conditions  had  been  assumed,  the 
^^ase  for  the  turbo-blowers  would  be  substantially  improved. 

The  vital  element  in  the  argimient  of  Messrs.  Freyn  and  Bacon 
for  the  maintenance  of  the  gas  engine  is  the  question  of  its  efficiency 
of  operation.  It  is  to  be  regretted  that  it  is  not  stated  how  the 
^dency  of  the  gas  engine  or  reciprocating  blowing  tubs  was  ascer- 
Wned.  It  is  extremely  difficult,  if  not  impossible,  to  measure  cor- 
fwstly  by  any  means  in  common  use  the  discharge  of  air  from  a 
'^procating  blowing  apparatus,  owing  to  the  variations  in  pressure 
^  with  in  the  blast  mains.  This  is  due  to  the  fact  that  the  air  is 
Charged  from  the  blowing  tub  during  only  a  fraction  of  the  stroke, 
'^'^^'^  a  pressure  wave  to  proceed  through  the  blast  main  at  every 
'^ke.    It  may  be  that  the  blast  main  in  this  particular  case  was 
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SO  long  that  these  fluctuations  in  pressure  were  smoothed  out  and 
became  negligible;  but  it  would  be  very  interesting  to  have  this 
point  cleared  up.  If  the  quantity  of  air  discharged  was  measured  by 
the  indicator  card  it  must  be  obvious  that  large  errors  are  likely  to 
exist,  and  this  would  seriously  affect  the  computations  of  efficiency. 
For  instance,  if  a  leak  exists  in  the  discharge  valves  the  indicator 
cards  will  show  a  considerable  amount  of  work  performed  while  the 
air  delivery  is  not  in  proportion  to  the  amount  of  work  so  shown. 
In  comparing  turbo-compressors  with  reciprocating  blowing  appa- 
ratus of  any  type  whatever,  this  fact  should  be  kept  clearly  in  mind. 
The  quantities  discharged  by  the  turbo-compressor  are  accuratdy 
measured  within  2  or  3  per  cent.  The  quantity  of  air  discharged  by 
a  reciprocating  machine  is  not  capable  of  accurate  measurements  in 
the  ordinary  installation,  and  figures  of  volumetric  displacement  ts 
compared  with  actual  delivery  are  admittedly  at  variance  by  con- 
siderable and  variable  percentages. 

Messrs.  Freyn  and  Bacon,  in  discussing  the  efficiency  of  turbo- 
compressors,  assume  a  figure  of  62|  per  cent  for  boiler  and  furnace 
efficiency,  which  is  perhaps  justifiable  if  the  plant  is  to  be  operated 
in  the  usual  blast-furnace  manner.  It  is  practicable  by  the  instaliar 
tion  of  superheaters  and  fuel  economizers  to  secure  with  proper 
supervision  70  per  cent  efficiency.  Of  course  if  this  per  cent  wen 
used  in  computations,  the  figures  for  the  turbo-blower  installatioB 
would  be  greatly  improved. 

In  discussing  the  turbo-blower,  Messrs.  Freyn  and  Bacon  assume 
an  operating  steam  gage  pressure  of  135  lb.  There  is  no  reason  wlff 
a  modern  plant  involving  the  installation  of  the  best  apparatue 
developed  for  the  purpose  could  not  operate  at  a  pressure  of  175  D)^ 
but  certainly  any  figures  for  cost  of  operation  of  turbo-blowers  oogM 
to  be  based  on  a  pressure  no  lower  than  150  lb.  FurthennoR, 
Mes^srs.  Freyn  and  Bacon  increase  the  steam  consumption  from  U^ 
lb.,  which  they  derive  from  a  consideration  of  factors,  including  thii 
low  steam  pressure,  and  the  use  of  efficiency  of  70  per  cent,  whidi  ■ 
lower  than  the  figure  they  themselves  give  for  the  turbo-comprcBBor 
(72  J  per  cent),  and  which  is  correct,  to  12.5  lb.,  or  an  increase  of  S 
per  cent.  Since  they  have  decreased  the  efficiency  as  above  by  S 
per  cent,  this  makes  a  total  decrease  of  efficiency  of  the  turbo- 
blower, to  allow  for  variable  conditions,  of  8J  per  cent.  All  tk 
curves  and  tests  on  turbo-compressors  made  by  the  author  indicite 
that  this  figure  is  very  much  too  high.  The  figure  given  by  Meaie 
Freyn  and  Bacon  for  the  performance  of  turbo-blowers  is  thereto 
unnecessarily  conservative. 
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Although  the  loss  by  variation  of  conditions  of  air  pressure  and 
volume  is  greater  in  the  gas  en^ne  than  it  is  in  the  steam  turbine, 
no  allowances  for  the  effect  of  these  variations  have  been  made  by 
Messrs.  Freyn  and  Bacon  in  discussing  the  efficiency  of  the  gas 
engine,  while  they  have  been  made  when  discussing  the  turbo- 
compressors.  If  these  allowances  are  eliminated  and  70  per  cent  is 
used  for  furnace  efficiency  the  thermal  efficiency  of  the  turbo-blower 
installation  complete  would  be  11.6  per  cent  at  brake  horsepower, 
or  8.1  per  cent  at  horsepower  of  adiabatic  compression,  instead  of 
9.46  and  6.62  given  by  these  writers.  These  figures  would  modify 
considerably  the  comparison  with  the  gas  engine. 

The  thermal  efficiency  of  21  per  cent  at  the  shaft,  which  Messrs. 
Freyn  and  Bacon  give  for  the  gas  blowing  engine,  should  be  reduced 
to  at  least  19  per  cent,  if  the  results  of  the  variations  met  with  in 
practice  are  taken  into  account.  In  all  probability,  under  all  the 
variable  conditions  of  blast-furnace  operation  this  efficiency  would 
be  considerably  less  than  19  per  cent.  This  would  also  reduce  the 
thermal  efficiency  at  theoretical  air  horsepower,  given  by  these 
writers  as  16.2,  to  not  more  than  14.6. 

In  regard  to  the  cost  of  operation  and  maintenance,  it  is  of  course 
very  difficult  to  get  any  figures  on  the  actual  cost  of  operation  of 
installations  of  either  type  of  blowing  apparatus,  but  from  available 
information  the  author  is  inclined  to  question  seriously  the  adequacy 
of  the  item  of  ''labor  and  material  in  repairs  and  maintenance  of  the 
gas  blowing  engine  at  $20,000  per  annum,"  as  being  in  any  way 
sufficient  to  cover  the  cost  of  this  item  for  an  installation  of  8  or  10 
gas  blowing  engines. 

Referring  to  the  statement  of  these  authors,  "In  spite  of  all  com- 
putations endeavoring  to  prove  that  the  steam  turbine  or  turbine- 
driven  turbo-blower  are  commercially  superior  on  account  of  the  low 
eost  of  installation  and  operation,  it  is  impossible  to  get  around  the 
fact  that  the  surplus  gas  of  blast  furnaces  when  converted  into  power 
in  internal-combustion  engines  yields  over  twice  the  amount  of 
energy  possible  when  the  conversion  takes  place  in  the  roundabout 
way  of  steam  boiler  and  reciprocating  engine,  or  steam  turbine,"  it 
■hould  be  borne  in  mind  that  the  output  of  gas  from  a  blast  furnace 
ie  variable  and  irregular  in  amount.  The  author  believes  that 
Messrs.  Freyn  and  Bacon  do  not  take  sufficient  account  of  the  irreg- 
ularity of  operation  of  plants  depending  on  this  gas  for  their  motive 
pcywer,  where  such  plants  cannot  be  provided  with  additional  sources 
-«f  heat,  for  instance,  by  hand-fired  boilers.    It  is  true  that  a  gas 
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engine  can  use  only  gas,  and  if  the  gas  supply  is  not  sufficient,  the 
gas  engine  must  give  out  a  reduced  output,  or  shut  down.  In  the 
case  of  a  steam  plant  containing  boilers,  if  the  gas  supply  is  insuffi- 
cient, the  capacity  can  be  kept  up  by  hand-firing  of  coal.  In  the 
case  of  a  gas  engine,  unless  an  expensive  plant  of  producers  is  in- 
stalled, a  deficiency  in  output  will  be  experienced  under  such  condi- 
tions. For  these  reasons,  speculations  as  to  the  value  of  the  addi- 
tional gas  set  free  by  the  use  of  a  more  economical  blowing  enpne 
must  be  considered  in  the  light  of  this  irr^ularity,  and  additional 
apparatus  consisting  of  steam  engines  or  steam  turbines,  provided 
with  the  necessary  boilers,  etc.,  or  a  plant  of  gas  producers  must  be 
installed  to  supplement  the  gas-engine  plant  if  regularity  of  operation 
is  to  be  expected  and  regularity  of  output  ensured.  Furthermore,  it 
is  difficult  properly  to  govern  a  gas  engine  to  insure  the  necessarr 
regularity  and  frequency  of  voltage,  and  it  has  been  found  necessaiy 
in  some  cases  to  install  one  or  more  steam  turbines  in  connection  with 
a  gas-engine  electric  plant  taking  its  gas  supply  from  blast  furnaces, 
in  order  to  provide  the  necessary  regulation.  The  cost  of  such  in- 
stallations ought  to  be  added  to  the  cost  of  investment  in  the  gas- 
engine  plant  in  order  to  bring  the  figures  up  to  a  fair  basis  of  com- 
parison. 

It  should  also  be  borne  in  mind  that  the  present  direction  of  pro- 
grass  in  the  operation  of  blast  furnaces  is  towards  a  reduction  in  the 
amount  of  the  fuel  burden.  For  many  years  blast-furnaces  haw 
been  using  about  twice  the  theoretical  quantity  of  fuel.  It  is  not 
impossible  that  in  the  near  future  this  figure  will  be  greatly  reduced, 
resulting  (a),  in  a  decrease  in  the  quantity  of  gas,  and  (6),  in  a  de- 
crease in  its  quality.  This  deficiency  will  have  to  be  made  up  by 
hand-fired  boilers  or  coal-fired  producers.  Considering  the  com- 
parison between  steam  and  gas  units  under  these  conditions  it 
should  be  borne  in  mind  that  the  gas  producer  is  an  ineffident 
piece  of  apparatus  and  this,  with  the  low  combined  efficiency  of  ill 
the  conversion  processes  involved,  will  militate  against  it  in  such  » 
comparison. 

Messrs.  Frcyn  and  Bacon  devote  considerable  space  to  the  discus- 
sion of  a  (combination  of  a  gas-])lowing  installation  and  gas-elcctrif 
station  to  which  ar(>  attached  several  large  turbo-blowers  operated 
by  low-pressure  steam  turbines  running  on  steam  generated  hy  thf 
wastc»  h(*at  n^covered  from  cooling  water  and  exhaust.  The  u»- 
desirable  features  of  the  tand<»m  operation  of  turbo-blowers  andgtf 
blowing  engines  which  these  writers  advocate  have  already  been  deitt 
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with.  The  author  furthermore  believes  that  they  greatly  over- 
estimate the  quantity  of  such  available  heat,  which  under  the  most 
favorable  conditions  would  amount  to  not  more  than  10  per  cent. 
Moreover,  he  cannot  see  how  under  such  a  combination  of  conditions 
such  as  the  writers  set  forth,  a  volumetric  efficiency  of  anything  like 
100  per  cent  could  be  secured.  He  is  ready  to  admit,  however,  that 
the  leakages  would  be  somewhat  reduced  by  reason  of  the  lower 
range  of  pressures  dealt  with  by  the  reciprocating  compressor,  but 
the  main  causes  for  the  low  volumetric  efficiency  would  still  remain 
present. 

In  conclusion,  taking  figures  obtainable  by  the  average  purchaser, 
made  up  on  the  basis  used  by  Messrs.  Freyn  and  Bacon,  and  giving 
full  credit  to  the  turbo-blower  for  all  improvements  made  in  the 
operation  of  the  fiunace,  both  as  regards  quantity  and  quality  of 
output  for  the  average  plant,  the  gas  engine  will  be  found  to  have  a 
very  limited  field  of  application,  and  only  in  the  very  largest  plants 
and  under  the  most  favorable  conditions  in  regard  to  fuel  cost  will 
it  be  found  desirable  to  install  such  apparatus. 


No.    1321 

RECIPROCATING  BLAST-FURNACE 
BLOWING  ENGINES 

By  W.  Thinks,  Pxttbbubqh,  Pa. 
Membtf  of  the  Society 

In  the  last  20  years  American  blowing-engine  practice  has  assumed 
rather  set  forms.  The  growing  size  of  furnaces  has  increased  blast 
pressures  to  a  point  where  the  heat  of  compression  has  made  the 
•  use  of  felt,  canvasi  or  leather  valves  impossible.  Certain  forms  of 
valves  and  engine  types  have  been  developed  which  have  dominated 
the  market  for  a  number  of  years,  and  their  operation  furnishes  today 
the  blast  for  more  than  90  per  cent  of  the  pig-iron  capacity  of  the 
United  States.  But  a  few  years  ago  the  contentedness  of  American 
builders  and  users  of  blowing  engines  was  rudely  shattered  by  a 
double  European  invasion:   the  gas  engine  and  the  turbo-blower. 

2  The  gas  engine,  although  much  more  economical  of  fuel  than 
the  steam  engine,  is  more  expensive  with  regard  to  first  cost.  To 
reduce  the  cost  per  horsepower,  high  piston  speed  must  be  employed; 
thus  the  piston  speed  has  been  increased  from  the  300  ft.  per  min., 
heretofore  considered  standard  in  steam-driven  blowers,  to  600  ft. 
per  min.  in  modem  American  gas-driven  blowers.  In  Europe 
reciprocating  blowers  run  at  piston  speeds  of  750  ft.  per  min. ;  the 
gas  engine  for  generation  of  power  runs  today  at  piston  speeds  very 
close  to  1000  ft.  per  min. 

3  The  turbo-blower  appeared  on  the  market  a  few  years  ago 
first  on  the  European  continent,  where  its  progress  was  completely 
checked  by  the  price  of  coal.  The  steam  turbine  could  not  compete 
with  the  low  fuel  consumption  of  the  gas  engine.  Recently  the 
turbo-blower  has  also  been  introduced  in  this  country.  Here  the 
lower  price  of  coal  and  the  higher  price  of  operating  labor  will  favor 
its  introduction  in  a  few  districts,  but  the  old  law  that  progress  in 
one  line  of  business  invariably  begets  progress  in  a  competing  line 
is  true  also  in  this  case,  and  thus  we  find  builders  of  reciprocating 
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engines  busy  makipg  improvements  and  raising  the  standard  of 
product. 

4  The  understanding  of  the  reasons  why  the  standard  typ 
American  blowing  engines  are  so  successful  at  medium  speeds 
what  their  shortcomings  are  at  high  speeds  will  be  much  facilit 
by  a  short  study  of  valve  motion  and  of  throttling  losses  thr 
valves. 


Bisoharge  valve 
opens 


Inlet  valve 
cloaee 


Ordinatee  represent 
lift  of  disohaiige  yal?e 


Discharge  valve  cloaeB 

Inlet  valve  opens 

Ordinatee  represent 
lift  of  inlet  %'alve 


FiQ.  1     Ideal  Valve  Motion  of  Pumps  or  Compressors  on  Disflacb 

Basis 


5     It  is  proved  below  that  high  velocity  through  valves  is  hj 
ful;  the  tendency  is  therefore  to  keep  the  velocity  at  a  fairly  cons 
low  value;   and  since  the  piston  of  an  engine  has  very  nearly 
monic  motion,  it  follows  that  the  valve  should  also  have  harm 
motion,  if  a  constant    and  small  pressure  drop  is    desired, 
a  displacement  basis  harmonic  motion  becomes  a  circle,     fi 
shows  the  valve  lift  on  a  displacement  basis.  The  inlet  valve  is  ( 
practically  throughout  the  stroke;    the   outlet  valve  should 
open  near  the  middle  of  the  stroke  and  close  at  the  end. 

0     Fig.  2  shows  this  same  ideal  diagram  on  a  time  basis. 
will  be  noted  that  the  curves  intersect  the  base  line  at  an  ai 

indicating  that  if  these  ideal  motion  curves  are  realized  the  v 
will  strike  a  blow  in  seating.  The  velocity  of  striking  depends  i 
the  lift  of  the  valve  and  upon  the  time  of  one  revolution,  ^ 
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means  that  high-lift  valves,  while  successful  for  low  rotative  speeds, 
became  impractical  for  high  rotative  speeds. 

7  Consciously  or  unconsciously,  engineers  have  striven  to  design 
valves  and  valve  gears  for  blowing  engines  so  that  the  above  valve 
motion  curves  are  approximated.  Two  circumstances  interfere 
with  attaining  the  ideal;  one  is  the  quantity  of  air  under  a  lift 
^alve,  which  lessens  the  discharge  through  the  valve  during  its  lift 
^d  increases  the  discharge  during  the  closing  period;  the  other  is 
the  naass  of  the  valve  which  has  bafiSed  designing  engineers  quite 


prdinates 
.repreflent 
valve  lift 


^^iQ.  2    Ideal  Valvb  Motion  of  Pumps  ob  Compressors  on  Time  Basis 


o^t-^n.    Twelve  years  ago,  when  the  author's  experience  was  mainly 

th^<3retical,  he  published  formulae  for  designing  valves  and  springs 

^^   ^uch  a  way  that  the  pressure  difference  on  the  two  sides  of  the 

v^^^e  and  the  impact  of  the  air  flowing  through  the  valve  would  be 

nio^ly  balanced  by  the  spring  and  that  the  ideal  valve  lift  curve 

^^ild  be  attained.    He  was  very  much  surprised  by  valve  vibrations, 

wlxen  the  formulae  were  put  to  a  test.    As  a  pendulum  swings  about 

^^    position  of  equilibrium,  so  a  valve  will  vibrate  about  its  ever 

^^anging  position  of  equilibrium,  if  it  is  designed  to  float  between 

tae  air  pressure  and  current  on  one  side  and  the  spring  on  the  other 

side.    A  typical  (diagrammatic)  valve  lift  curve  is  shown  in  Fig.  3. 

A  diagrammatic  or  made-up  curve  was  preferred  to  a  curve  taken 

from  1^  particular  engine,  because  an  endless  variety  of  vibrations 

^  Possible,  depending  upon  the  mass  and  shape  of  the  valve  and  upon 

tK      ®P^6  loading.    It  should  be  understood  that  the  fluttering  of 

Jie  Valve  occurs  to  this  extent  only  if  no  means  have  been  provided 

damping  it,  and  that  the  heavier  the  valve  the  more  energy  the 

i:>ing  consiunes.     In  Fig.  3  the  valve  is  shown  to  close  late. 


/o 
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Practically  all  automatic  lift  valves  close  late,  depending  upon  rota- 
tive-speed of  engine,  lift  of  valve  and  spring  loading.  The  lower 
the  rotative  speed  and  the  valve  lift  and  the  greater  the  spring  load 
closing  the  valve,  the  nearer  the  valve  is  to  the  seat  in  the  dead 
center  position  of  the  crank.  Tests  and  calculations  show  that  in 
ordinary  American  blowing-engine  practice  the  valves  close  so  near 
the  dead  center  that  for  all  practical  purposes  they  may  be  considered 
as  closing  "  on  time"  and  without  the  injurious  effects  of  late  closing, 
namely,  slipping  back  of  air  and  hammering  of  valve. 

8  The  behavior  of  the  outlet  valves  is  similar  to  that  of  the 
inlet  valve  with  two  exceptions:  First,  the  valve  has  to  open  when 
the  piston  moves  fastest;  second,  the  pressure  difference  on  both 
sides  of  the  valve  increases  rapidly  at  the  dead  center.    In  Fig.  4  the 


h -Time  of  X  Revolution — 


Fig.  3    Actual  Motion  op  Heavy,  Non-Cushionbd  Inlet  Valvss  (Txius 

Basis) 

deal  and  the  actual  valve-lift  curves  are  shown  in  connection  with  an 
indicator  card  on  a  displacement  basis.  The  slower  the  rotative 
speed  of  the  engine,  the  lighter  the  valve  and  the  smaller  its  lift, 
the  more  perfect  is  the  approximation  to  the  ideal  lift  curve.  High 
rotative  speeds,  heavy  valves  and  small  areas  uncovered  by  the 
valve  for  a  given  lift  cause  the  pressure  in  the  cylinder  to  rise  con- 
siderably over  that  existing  in  the  blast  space  and  store  up  con- 
siderable amounts  of  kinetic  energy  in  the  valve  which  must  be 
taken  care  of  by  a  cushioning  device;  otherwise  fluttering  or  ham- 
mering results.  As  already  stated,  the  pressure  drops  rapidly  under 
the  valve  immediately  after  the  crank  has  passed  the  dead  center, 
and  particular  care  must  be  taken  to  have  the  valve  close  promptly 
in  order  to  avoid  hammering. 

9  Throttling  loss  through  valves  involves  two  factoifl^  loss 
of  velocity  head  and  surface  friction.  The  vast  majority  of  valTSS 
are  so  designed  that  surface  friction,  such  as  occurs  in  long  pipes 
or  ducts,  is  practically  absent.    For  this  reason,  losses  due  to  velocity 


W.   THINKS 


431 


head  only  will  be  investigated  here.  Fig.  5  gives  the  throttling 
loss  for  various  piston  speeds  and  for  various  ratios  of  valve  area 
to  piston  area.  In  this  chart,  valve  area  does  not  mean  the  so- 
called  free  valve  area  which  is  a  rather  imaginary  or  conventional 
quantity,  but  it  means  the  area  actually  offered  to  the  air-flow  at 
the  narrowest  place  of  the  valve.  It  is  assumed  that  the  valve  has 
harmonic  motion  and  that  the  coefficient  of  discharge  is  70  per  cent. 
For  a  number  of  valves  this  latter  figure  was  found  to  agree  most 
closely  with  tests. 


Ileavy«  ^8^ 
lift  voire 


Litrhtjow 
lift  valve 


Eiifirine  etroke- 


Fia,  4    Actual  Motion  op  Outlet  Valves  (Displacement  Basis) 


10  It  will  be  observed  that  for  a  piston  speed  of  300  ft.  per 
min.,  which  up  to  a  few  years  ago  was  standard  in  this  country,  and 
for  inlet  areas  of  12  per  cent,  outlet  areas  of  9  per  cent,  the  pressure 
drop  due  to  throttling  is  a  negligible  quantity  compared  with  the 
mean  effective  pressure  (say  11  lb.  per  sq.  in.)  of  the  air  card. 

11  With  a  stroke  of  60  in.,  so  common  for  blowing  engines,  a 
piston  speed  of  300  ft.  per  min.  means  30  r.p.m.  At  this  low  rotative 
speed  the  spring  loading  required  to  close  the  valves  on  time  is  so 
small  that  the  inlet  and  outlet  areas  of  12  and  9  per  cent  can  be 
realized. 

12  Further  penetration  into  theory  would  be  out  of  place  here. 
A  better  idea  of  the  evolution  of  the  modern  blast-furnace  blowing 
engine  may  be  gained  by  the  study  of  standard  types.  Fig.  6  illus- 
trates a  design  which  for  the  last  15  years  has  been  very  popular  in 
the  United  States.  The  inlet  valve  is  mechanically  operated  through- 
out and  is  a  balanced  piston  valve.  Mechanical  operation  of  valves 
has  been  practised  for  over  20  years  and  avoids  many  of  the  troubles 
incidental  to  an  improperly  designed  automatic  valve.    No  fluttering 
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or  chattering  can  occur,  a  full  port  opening  may  be  obtuned  and  the 
valve  may  be  made  to  open  and  close  even  more  rapidly  than  is 
required  by  the  ideal  sine  curve.  The  breaking  of  a  mechanically 
operated  slide  valve  ia  also  highly  improbable  and  great  reliability 
therefore  results.  The  outlet  valve  is  a  cup,  opening  automatically 
by  air  pressure  and  closing  by  mechanical  means.    The  cup  cushions 
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without  springs  agunst  the  movable  plug,  so  that  fluttering  or 
chattering  is  impossible;  it  is  fairly  light  and  at  rated  speed 
opens  with  small  throttling  loss.  If  the  valve  gear  is  properly 
adjusted,  the  outlet  valve  closes  at  the  right  time,  so  that  hammering, 
due  to  late  closing,  cannot  occur.  The  number  of  valves  to  be  looked 
after  is  small  because  a  few  large,  light-lift  valves  are  employed, 
usually  two  inlet  valves  and  two  or  three  outlet  valves.    The  valve 


434 


BECIPROCATINO    BLABT-FUBNA.CE   BLOWING  BNGDIBB 


gear  pina  are  made  so  large  that  very  little  wear  can  occur.   This 
precaution  keeps  the  valve  gear  in  correct  adjustment. 

13  The  principles  underlying  this  design  are  very  sound,  ind 
its  fluccesa  ia  well  deserved.  With  engines  of  60-in.  stroke  it  is  at 
its  beat  with  speeds  between  30  and  40  r.p.m.  The  builders  do  not 
recommend  it  for  speeds  exceeding  50  r.p.m.  At  that  speed  the 
preaaure  in  the  cylinder  at  the  end  of  the  suction  stroke  is  }  lb.  per 
sq.  in.  below  that  of  the  atmosphere. 

14  A  very  similar  valve  gear  is  illustrated  in  Fig.  7.  Here  the 
inlet  valve  is  double-ported  for  the  purpose  of  quick  opening 
and  closing.    The  outlet  valve  cushions  in  opening  against  a  station- 


Valvb  Uf.ak  built  bt  Wm.  Tod  C!ompany 


ary  plunger  and  is  mechanically  closed  by  a  central  pusher.        -" 
design  it  is  similar  to  Fig.  6. 

15     The  fact  that  two  valve  gears  of  such  close  resemblan*^  •' 
and  built  by  competing  firms,  could  have  been  patented  indepen  *" 
ently  indicates  that  the  valve  gear  must  have  good  features.        -*^ 
would  also  seem  probable  that  it  was  originated  in  one  place  *^^-^~, 
copied  in  another.    As  a  matter  of  fact,  the  outlet  valve  originite 
in  one  concern,  the  inlet  valve  in'another,  and  by  mutual  borrowina 
two  good  valve  gears  were  produced. 
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16  These  two  valve  gears  as  well  as  others  of  standard  American 
design  employ  mechanically  operated,  or  positively  driven,  inlet 
valves.  As  long  as  the  clearance  volume  of  the  engine  is  small, 
mechanical  operation  of  the  inlet  valve  is  scientifically  correct, 
because  the  opening  and  closing  points  of  the  valve  (Fig.  8)  remain 
practically  fixed  in  spite  of  variations  of  blast  pressure.  Matters 
are  quite  different  with  the  outlet  valve.  Its  correct  opening  point 
varies  with  the  blast  pressure,  and  losses  occur,  as  indicated  in  Fig. 
8,  if  the  valve  opens  at  a  fixed  point  and  if  the  blast  pressure  differs 
from  the  one  for  which  the  engine  was  designed.  Julian  Kennedy,  of 
Pittsburgh,  reasoned,  however,  that  the  gain  in  reliability  by  the  use 
of  mechanically  operated  outlet  valves  would  easily  offset  these 
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losses  and  that  the  ''work  on  the  engine,  due  to  advance  opening 
of  the  valve,  is  probably  not  in  expess  of  the  work  required  in  the 
case  of  a  poppet  valve  due  to  the  crowding  of  the  pressure  above 
the  receiver  pressure  due  to  the  opening  of  the  valve.''  Fig.  9  shows 
his  design  and  Fig.  10  indicator  cards  taken  from  an  engine  of  this 
type.  It  will  be  noted  that  inlet  and  outlet  valves  are  balanced  piston 
valves.  The  piston  which  is  not  shown  in  Fig.  9  is  scalloped  out  to 
fit  around  the  valves  with  a  view  to  reducing  clearance  volume. 
The  outlet  valve  opens  when  a  pressure  of  7i  lb.  has  been  reached 
in  the  cylinder.  From  that  point  to  the  reaching  of  the  blast  pressure 
(Fig.  10)  the  indicator  card  is  a  combination  of  compression  and 
air  discharge  from  the  receiver  back  into  the  cylinder.  An  inspection 
of  the  indicator  card  with  regard  to  smallness  of  lost  work  shows 
that  Mr.  Kennedy  is  right.  The  engines  built  on  this  principle  are 
outwardly  quite  successful,  and  no  repairs  have  been  necessary  on 
engines  now  in  operation  for  over  seven  years. 

17    It  is  somewhat  surprising  that  a  valve  gear  which  positively 
opens  large  areas,  avoids  valve  fiuttering  and  prevents  slip  by  timely 
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doang  of  valves  should  have  been  limited  to  less  than  two  dozen 
endues.  The  author  believes  that  the  following  reasons  may  have 
contributed  in  preventing  a  more  general  adoption  of  the  system: 
(a)  the  large  number  of  pins,  rods  and  levers  create  the  impression 
of  complication;  (6)  large  relief  valves  must  be  provided  to  prevent 
wrecking  of  the  engine  in  case  of  accident  to  the  valve  gear;  and 
(0  the  slower  the  speed  of  the  engine,  the  greater  the  work  required 
per  stroke  due  to  the  pre-opening  of  the  outlet  valve.  Below  a  certain 
^Poed,  if  the  engine  is  run  with  wide-open  throttle  on  the  governor, 
^  peculiar  tendency  to  hunt  is  the  result. 

18    Among  the  means  employed  to  prevent  fluttering  of  lift 
^^ves  the  dash  pot  has  always  played  a  prominent  part.    Fig.  11 
SQ01V3  a  typical  outlet  valve  in  connection  with  a  dash  pot  or  cush- 
ioning chamber.    Regulating  valves  or  pet  cocks  are  placed  above 
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1  ic.repreEeots  20  lb.8q.ln.  on  origrinal  card 

Dia.of  cylinder  96  in. 
Stroke  of  engine  66  in. 

FiQ.  10    Indicator  Card  taken  from  Engine  shown  in  Fio.  9 


and  below  the  cushioning  piston  to  provide  for  any  desired  or 
neo^asary  degree  of  sluggishness.  This  type  of  valve  has  been  used 
by  Several  en^ne  builders. 

19    Fig.  12  shows  a  design  employing  the  outlet  valve  described 

^  I^ar.  18.    As  usual  the  inlet  valve  is  mechanically  operated.    It 

^  ^f  the  rocking  valve  type  and  is  so  arranged  that  clearance  volume 

18  kept  down  to  a  small  value.    The  power  required  for  operating  the 

inlet  valve  is  quite  small,  because  the  latter  moves  very  little  when  it 

18  unbalanced.    When  this  type  of  valve  Was  first  used  by  the  present 

builders  about  ten  years  ago,  the  author  expressed  the  opinion  that 

the  valves  would  be  very  short  lived,  owing  to  wear  by  the  dust  laden 

atmosphere  of  furnace  plants.     Actual  experience,  however,  has 

proved  that  these  valves  do  very  well  and  that  the  wear  is  small. 

^ree  inlet  areas  amounting  to  11 J  per  cent  of  the  piston  area  can 

^ily  be  obtained  by  this  valve  and  a  greater  per  cent  he  secured 

y  a  slight  increase  in  the  clearance  volume.    The  area  through  the 
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holes  under  the  outlet  valve  disks  is  16^  per  cent  of  the  piaton  area 
To  utilize  this  area  to  the  fullest  extent  the  outlet  valves  would  liav( 
to  lift  3J  in.  For  reasons  which  will  be  explained,  a  lift  of  this  at6  n 
impractical,  except  for  low  rotative  speeds,  when  it  is  of  coura 
not  needed,  so  that  in  practice  a  lift  of  only  2i  in,  is  used,  cutting  tb( 
available  outlet  area  down  to  11  per  cent  of  the  piston  area.  A  largt 
number  of  blowing  engines  with  this  valve  gear  are  in  successfu 
operation  both  in  the  United  States  and  in  Canada. 

20  What  may  be  termed  the  most  original  of  all  blowing-«ngin< 
valve  gears  is  shown  in  Fig.  13a.  Inlet  and  outlet  valves  are  of  tht 
giidiron  type  of  1}  in.  stroke.    The  inlet  is  controlled  by  a  can: 
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acting  in  pair  closure  and  the  outlet  valve  is  pulled  open  by  tht 
piston  of  an  actuating  cylinder.  One  side  of  the  piston  is  open  tc 
atmosphere,  the  other  side  to  the  blowing  cylinder.  As  compressior 
proceeds  in  the  latter,  the  friction  holding  the  valve  In  positior 
becomes  less,  and  the  force  tending  to  displace  it  grows.  The  actu- 
ating cylinder  is  so  proportioned  that  for  a  given  speed  of  en^ne 
for  a  given  blast  pressure  and  for  a  given  method  of  lubrication 
the  valve  opens  at  the  correct  instant.  The  kinetic  energy  of  thf 
moving  valve  is  dissipated  in  a  eam-operaled  dash  pot  which  close! 
the  valve  at  the  dead  center  of  the  engine. 

21     By  this  design  fluttering  of  v.ntvps  ismost  successfully  avoided, 
large  areas  for  inlet  (14  per  cent  of  piston  area)  and  for  outlet  (11  per 
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can  be  obtained,  and  the  power  requiretneats  are  small.  1 
twelve  years  ago  this  type  of  valve  gear  was  very  popular  in  1 
«d  States  and  several  engines  of  this  type  have  been  built 
,1and  and  Belgium,  but  comparatively  few  have  been  construel 
ecent  years.  The  air  cylinder  needs  large  relief  valves  to  prevt 
ury  to  the  engine  in  case  of  accident  to  the  valve  gear.    Omng 
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the  fact  that  at  slow  speeds  the  outlet  valve  opens  much  toe 
more  work  is  done  per  stroke  at  low  speeds  than   at  high 
even  more  than  that  done  in  the  design  of  Fig.  9,  and  serio' 
ing  occurs,  when  the  engine  is  run  on  the  governor  with 
wide  open. 

22     Every  one  of  the  valve  gears  so  far  described  g 
satisfactory  results  at  a  piston  speed  of  about  300  ft.  per 
Par.  2  the  fact  has  been  mentioned  that  the  insistent  d 
lower  first  costs  requires  higher  piston  speeds,  not  only  t 
in  emergency  cases,  but  continuously.     Naturally,  the 
of  running  the  standard  types  of  valve  gears  at  higher 
tried.   Comparatively  little  trouble  was  experienced  with 
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I7  operated  inlet  valves,  except  that  in  some  of  the  deigns  the 
ittling  loss  is  much  greater  than  might  be  expected  from  Fig.  5. 
s  is  due  to  the  passing  of  the  air  around  comers  in  the  valves, 
le  it  is  flowing  at  high  speed  (see  Fig.  6  and  Fig.  7).  Since  it  is 
f  to  observe  the  inlet  throttling  loss  on  an  Indicator  card  by 
wing  the  atmospheric  line,  it  attracted  attention  and  was  probably 
m  undue  prominence.  Phrases  such  as  "small  volumetric 
aency,"  and  "inability  to  fill  the  cylinder"  were  often  heard. 
>  much  greater,  but  invisible  loss  of  volumetric  efficiency,  due  to 
(  interchange  between  mt  and  cylinder  walls,  was  hardly  ever 
ttioned  in  this  connection. 


Fio.  13b    Vnw  or  Sodthwabk  Ctunves  Hbad 

23  Thus  the  "standard"  valve  gears  gave  at  600  ft.  per  min. 
}ttling  losses  ran^g  from  0.4  to  1  lb.  per  sq.  in.,  and  engineers 
e  trying  to  increase  inlet  valve  areas  up  to  20  per  cent  or  more. 
the  discharge  end  serious  troubles  occurred  with  increase  of 
ad.  In  the  demgns  of  Fig.  6  and  Fig.  7  rapid  wear  of  the  valve 
t  and  hammering  of  the  valves  occur.  Whether  this  is  due  to  a 
>wing  of  the  valve  against  its  seat  by  the  plunger  or  to  other 
aeB  is  not  certain. 

24  In  the  design  shown  in  Fig.  12,  quietness  of  operatJon  can 
ays  be  enforced,  even  at  the  highest  speeds,  but  the  spring 
ling  on  the  valve  must  be  increased  and  its  lift  in  the  dash  pot 
It  be  reduced.    Considerable  throttling  loss  is  then  encountered. 

damgna  using  large,  heavy,  high-lift  valves  experience  in  com- 
a  KD  excesnve  hump  on  the  card  at  the  time  of  the  opening  of 
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the  discharge  valve,  because  it  takes  too  long  to  provide  the  necessary 
area  for  discharge.  The  type  shown  in  Fig.  13a  and  13b  is  free  from 
this  evil,  provided  very  large  actuating  cylinders  are  used,  but  their 
size  only  accentuates  the  trouble  in  regulation  already  mentioned. 

25  If  the  American  standard  valve  gears  are  used  for  600  ft. 
per  min.  piston  speed  or  above,  inlet  throttling  losses  of  3  to  6  per 
cent  of  the  ideal  blowing  work  occur,  and  outlet  throttling  losses  of 
7  to  12  per  cent  of  the  ideal  blowing  work  occur.  Besides,  power  for 
mechanical  operation  of  valves  increases,  and  other  troubles  of  wear, 
breakage,  or  regulation  appear,  depending  upon  the  valve  gear. 

26  One  of  the  first  men  to  judge  the  situation  correctly  was 
E.  E.  Slick  of  Pittsbuigh.  He  realized  that  large  areas  are  necessary 
and  that  the  periphery  of  the  cylinder  may  be  used  for  obtaining 
area,  if  the  cylinder  head  does  not  suffice.  Attempts  to  use  the 
periphery  are  old,  but  all  of  them  introduced  additional  clearance 
volume.  The  design  of  Mr.  Slick  is  free  from  this  fault.  Figs.  14 
and  15  illustrate  Mr.  Slick's  engine  as  built  by  two  different  firms. 
The  cylinder  proper  or  tub  is  made  movable  and  serves  as  a  mechan- 
ically operated  inlet  valve.  Unobstructed  inlet  areas  of  18  to  20  per 
cent  are  easily  obtainable  and  practically  without  clearance  space. 
The  outlet  valves  in  Fig.  14  are  a  modified  form  of  the  type  shown 
in  Fig.  6  except  that  the  number  of  valves  has  been  doubled.  The 
outlet  valves  shown  in  Fig.  15a  are  also  an  invention  of  Mr.  Slick. 
They  are  flexible  plates  and  open  against  a  curved  guard.  Here, 
too,  large  valve  areas  can  be  obtained  and  what  is  very  important, 
they  can  be  obtained  with  small  valve  lift. 

27  For  piston  speeds  up  to  600  ft.  per  min.  and  for  rotative 
speeds  up  to  65  r.p.m.,  the  Slick  tub  has  been  very  successful.  The 
design  has  been  severely  criticized  as  ''wagging  the  dog  and  holding 
the  tail  still"  and  the  author  confesses  that  he  felt  the  same  way 
when  he  saw  the  first  Slick  compressor  more  than  ten  years  ago  at 
the  Edgar  Thomson  Steel  Works,  but  the  ingenuity  of  the  design  is 
forcibly  impressed  upon  anybody  who  attempts  to  produce  the  same 
combination  of  large  areas  and  small  clearance  space  in  some  other 
way.  If  65  r.p.m.  are  exceeded  with  this  type,  trouble  begins.  The 
inertia  forces  of  the  heavy  cylinder  are  hard  to  take  care  of  and  heat 
the  eccentric  which  moves  the  cylinder. 

28  In  the  design  of  Fig.  14,  wearing  of  valves  and  seats  and 
hammering  of  the  valves  occur.  In  the  design  of  Fig.  15,  the  valves 
break.  They  are  not  protected  against  lateral  wind  currents  which 
exert  a  tearing  action;  furthermore  the  valves  close  late,  and  there- 
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Eote  mth  a  dap,  because  no  cloung  spting  is  provided  J>eyond  the 
^utidty  of  the  valve  plate  itself.* 

29  Another  engineer  who  realised  that  the  standard  valve  gears 
*iU  not  do  for  piston  speeds  of  600  ft.  per  mia.  is  George  Mesta  of 
^ttd)D^.    Fig.  16  illustrates  the  manner  in  which  be  obtained  large 
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JJiletand  outlet  areas  and  enforced  quiet  operation  of  valves.  Rock- 
l"?  valves,  two  for  each  head,  control  both  inlet  and  outlet;  the 
"ilet  passes  at  the  side  of  each  valve,  the  outlet  through  the  center 
"  the  valve.  Automatic  cup  outlet  valves  are  located  beyond  the 
focking  vf^ves  and  are  protected  against  the  return  clo^g  slam  by 
"O  mechanical  closing  of  the  rocking  valves.    This  latter  design  has 


.  lite  enguieen  of  the  Sdow  Steam  Pump  Company,  who  also  build  blowing 
™BUie«  on  ttie  baas  of  Slick  pateats,  advise  the  author  that  their  firm  makes  the 
I~**  •eat  of  Fip.  15b  elightly  curved,  so  that  the  plane  valve  resta  against  the 
T**  with  an  imtial  tenmon.  The  result  is  that  bikber  speeds  can  be  attained 
^UKmt  breaking  of  valvea. 
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been  used  on  vacuum  pumps  and  compressors  for  over  20  yea 
adaptation  to  high-speed  blowing-en^ne  practice  required  di 
the  valve  equipment  for  the  purpose  of  obtaining  large  areu  i 
excessive  diameter  of  rocking  valve.  The  pot  outlet  valve  i 
ioned  very  little  and  is  loaded  lightly  so  as  to  fly  out  of  tbe : 
the  blast  without  fluttering. 

30  In  Fig.  17  two  indicator  cards  taken  from  an  ei^ne 
type  are  reproduced.  It  will  be  noticed  that  in  spite  of  tb 
inlet  valve  area,  18  per  cent,  some  throttling  appears  at  70 


Fia.  16a     Bi/>wmo  Tub  with  Movable  Cylindbb  (Slick  Dbsiqk)  i 

Webtinoboube  Machine  Company 
700  ft.  per  min.  piston  speed.  The  pressure  line  in  the  blaat-i 
space  has  been  entered,  so  that  an  idea  may  be  gained  of  the 
throttling  loss.  Actually  the  loss  is  slightly  greater  than  here 
because  calibration  of  the  indicators  revealed  the  fact  th 
scales  were  not  quite  alike. 

31    The  design  of  Fig.  16  has  been  veiy  successful  and  h 
used  up  to  820  ft.  per  min.  piston  speed,  82  r.p.m.  witit  60  in. 
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1th  tiie  exercise  of  care  id  finishing  the  large  rocking  valves  and 
or  seats  the  resistance  of  these  valves  consumes  less  than  2  per 
at  of  the  ideal  blowing  work  (ur  card).  The  principal  drawback 
this  type  of  en^ne  probably  lies  in  its  cost  and  in  the  oil  consump- 
mof  the  rocking  valves. 

32  In  Europe  the  high-speed  blowing  en^ne  is  an  accomplished 
d  There  the  problem  has  been  attacked  along  altogether  different 
les.  European  engineers  long  since  realized  that  the  harmful 
netie  easrgy  stored  up  in  a  valve  is  proportional  to  its  mass  and  to 
)  trevd,  and  that,  therefore,  both  should  be  cut  down.     This 


Fia.  15b    Sues  Air  Valve 
"t  iQ  itself  is  not  new  to  American  engineers.    The  Weimer  blowing 
Me  (Fig.  18)  which  can  look  back  upon  a  respectable  number 
•lecades,  has  tried  hard  to  embody  the  principle  of  small  mass 

Since  this  paper  was  written  the  author  has  been  informed  by  Mr.  Weimer 
'  hi>  company  hfls  been  using  low-lift  aluminum  valves  Cor  the  outlet  for  about 
yexra  and  that  they  are  quite  successful  for  speeds  up  to  60  r.p.m.     However, 

iding  of  the  valves  is  not  free  from  unce'*"'"  *-!"<■■"-     '■■'•:-  *' 

Bit*  the  rotative  speed  of  the  en^'ne. 
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uidlow  lift.    It  has  failed  by  sticking  to  the  use  of  leather  which  is 
lusuited  to  high  pressures^     Fifteen  years  ago  Mr.  Mansfield  de- 
signed a  blowing  engine  for  Leetonia,  0.,  in  which  he  used  a  great 
number  of  light,  low-lift  stripe.   The  engine  probably  would  have  been 
a  success  if  it  had  not  been  so  weak  for  the  blast  pressure.    Mr.  Slick 
(see  Fig.  15)  introduced  light  low-lift  valves.    But  these  attempts 
cannot  compare  with  the  sweeping  success  on  the  other  side  of  the 
Atlantic. 

33  Out  of  the  mass  of  European  designs,  two  stand  out  con- 
spicuously, the  Hoerbiger  (Fig.  19)  and  the  Borsig  (Fig.  20).  As 
will  be  noticed,  these  valves  are  of  the  automatic,  multi-ported, 
low-lift  type.  They  are  guided  without  friction  by  dastic  deforma- 
tion of  part  of  the  valve.  To  get  enough  valve  area,  the  cylinder 
head  must  be  extended  considerably  beyond  the  piston  diameter 
(Fig.  21),  or  a  valve  belt  must  be  used  and  the  clearance  corre- 


40  r. p.m. 


70  r.  p.m 


Fig.  17    Indicator  Cards  taken  from  Enoinb  shown  in  Fia.  10 

spondingly  increased.  It  should  be  noted  that  there  is  no  novelty 
in  the  valve  belt  as  such.  It  was  used  20  years  ago,  both  in  this 
country  and  abroad,  and  was  temporarily  abandoned  because  no 
satisfactory  automatic  valve  existed. 

34  European  engineers  do  not  hesitate  to  use  large  clearance 
spaces  if  by  doing  so  other  advantages  can  be  gained,  and  they 
meet  with  success.  Matters  are  different  in  this  country.  Clearance 
in  a  blowing  engine  seems  to  be  an  eyesore  to  the  American  furnace 
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Fis.  18    Ehqinb  with  Autouatic  Inlet  and  OuTLaT  Valtbs  (Wrmkr) 


Fia.  10    Hdlti-Forted  Putb  Valvs  (HoBRBiasR-RoaLER) 


Fra  20    Hdlti-Ported  Plate  Valve  (Borsis) 


SBCIPBOCATUrO    BU^T-FUBNACB   BLOWmO 


W.   THINKS  451 

man.     The  influence  of  this  much  abused  clearance  space  can  be 
summed  up  in  a  few  words: 

a    Clearance  volume  increases  the  necessary  size  of  blowing 

tub  for  a  given  weight  of  air  to  be  pumped  per  stroke. 
6    The  larger  size  of  blowing  tub  results  in  a  small  increase 
of  friction  work  and,  therefore,  in  a  larger  size  of  power 
cylinder. 
e    The  influence  of  the  increased  heat-exchanging  surface 
on  the  true  volumetric  efficiency  is  small. 

35  On  the  other  hand,  clearance  allows  the  use  of  very  large 
valve  areas,  which  fact  decreases  throttling  work  and  causes  better 
filling  of  the  air  cylinder  and  also  allows  higher  piston  speeds,  or  in 
other  words,  a  smaller  and  cheaper  engine.  The  higher  piston 
speed  makes  possible  the  use  of  a  more  efficient  prime  mover,  namely, 
the  gas  engine.  When  the  truth  of  this  is  realized,  recognition 
of  the  merits  of  the  modem  European  high-speed  blower  should 
present  no  difficulties.  The  plate  valves  are  so  light  in  weight 
and  the  spring  load  can  be  made  so  small  that  for  the  greater  part 
of  their  working  time  the  valves  rest  against  the  guard  or  stop; 
this  fact,  of  course,  greatly  reduces  fluttering.  Furthermore,  there  are 
no  wearing  parts  and,  therefore,  no  sliding  surfaces  and  neithersticking 
nor  binding  from  gummed  and  dusty  oil.  The  low  lift  does  not  allow 
the  valve  to  acquire  destructive  velocity  in  closing.  If  a  sufficient 
number  of  valves  are  used  the  pressure  loss  through  the  valves  is 
small  and  the  filling  of  the  cylinder  is  most  perfect.  The  life  of  the 
valves  is  long,  provided  that  they  are  made  of  the  proper  high-grade 
sted  and  that  the  spring  loading  is  properly  proportioned.  If  a 
valve  should  break,  it  can  easily  be  replaced  because  the  valves  are 
liglit;  bendes  the  inlet  and  outlet  valves  are  alike,  so  that  only  a 
few  valves  need  be  carried  in  stock. 

36  To  engineers  who  are  accustomed  to  standard  American 
praetioe  some  of  the  forgoing  statements  will  appear  too  good  to 
be  true  and  will  require  proof.  Fig.  22  shows  an  indicator  card 
taken  bom  a  Borsig  blowing  engine  in  Differdingen.  Fig.  23  shows 
two  eaids  taken  at  55  and  82  r.p.m.  from  a  blower  with  Hoerbiger- 
Bogjer  valves  in  Rombach.  This  latter  card  shows  the  blast 
pressure  in  the  main  just  outside  the  valves,  and  allows  the  compu- 
tation of  the  valve  losses.  In  Fig.  24  these  losses  have  been  plotted 
in  per  sent  of  the  ideal  blowing-engine  work  against  piston  speed. 
In  tiie  same  illustration  are  shown  the  valve  losses  from  the  Differ- 
dingSQ-Borng  blower  computed   from    detail    drawings,    and  for 
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comparison,  the  valve  losses  of  a  Mesta  high-speed  blower  usinj 
valves,  the  results  of  actual  test,  are  given.  The  calculation  o 
Borsig  valve  losses  was  based  upon  the  test  of  the  Mesta  ei 
that  is  to  say,  the  method  of  figuring  valve  lifts  and  losses  was  cIm 
by  a  test  and  the  coefficient  of  discharge  was  thereby  detenu 
The  discrepancy  between  inlet  and  outlet  losses  on  the  Hoerl 


FiQ.  22 


90  r.  p.m. 
47^  in. St  roke  of  engine 

Indicator  Card  taken  from  Cylinder  wtth  Valves  8B0i 

Fia.  20 


Din.of  cylinder  67  in.       Stroke  of  engine  51  in. 
1  in.iepresenta  24  lb.6q.ln.on  original  cards 


Pressure  in  blast  space 
outside  of  cylinder 


55  r.p.m. 


Pressure  in  blast  space 
outside  of  cylinder 


82  r.p.m. 
FiQ  23    Indicator  Card  taken  from  Cylinder  with  Valves  shown  in  I 


Rogler  and  Borsig  valves  is  entirely  due  to  the  respective  n\] 
of  valves  employed.  It  will  be  observed  that  the  plate  valves 
a  very  much  smaller  loss  than  the  cup  valves,  although  tb 
valve  area  is  very  much  larger  than  standard  American  pra 


M.IIVA  Jtn  pamm  not  Sniitiojtix 
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Comparison  is  invited  between  the  engine  (Fig.  16)  whose  discharge 
valve  losees  are  represented  by  the  chart,  and  between  the  engine 
shown  in  Fig.  14.  The  former  engine  has  an  84-in.  cylinder  bore 
and  tea  cup  valves  of  12-ia.  diameter.  The  latter  en^e  has  an 
80-in.  cylinder  bore  and  four  cup  valves  of  IS-in.  diameter.  Since 
the  area  exposed  per  unit  lift,  say  1-in.  lift,  counts  in  a  discbarge 
valve,  it  will  be  noticed  that  our  American  high-speed  blowing 
en^nee  are  apparently  somewhat  inferior  to  the  European  type. 
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37  With  regard  to  the  life.of  these  valves,  statements  of  Euro- 
pean builders  are  interesting.  Borsig  asserts  that  in  severe  engines 
there  has  not  been  a  single  broken  valve  in  spite  of  continuous  higb- 
speed  operation,  and  that  in  places  where  valves  have  broken,  this 
fact  could  invariably  be  traced  to  bad  material.  Hanid  and  Lueg, 
builders  of  blowers  with  Hoerbiger-Rogter  valves,  make  exactly 
the  same  statement.  Particular  emphasis  is  placed  upon  the  almost 
silent  operation  of  these  valves,  both  by  users  and  builders.  No 
separate  cushioning  means  are  employed  except  that  in  the  Hoer* 
biger-Rogler  valve  an  elastic  plate  softens  the  impact  of  the  opening 
stroke  before  the  valve  strikes  the  guard.  This  cushioning  alone 
does   not   suffice,   but   another  circumstance   comes   in   helpfully- 
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Thia  films  of  oil  coat  the  valve  plate,  cushion  plate  and  guard. 
The  squeesing  of  the  air  and  oil  between  these  plates  provides  a 
sufficient  cushion  to  prevent  injury  to  the  valve. 

3S  The  author  has  taken  particular  pains  to  secure  data  on 
the  behavior  of  valves.  Unfortunately,  it  was  impossible  to  secure 
such  data  on  the  Borsig  and  Hoerbiger  valves  with  the  exception 
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FiQ.  26   Valve  Motion  Diagrams  Fio.  27    Valve  Motion  Diaokam 

TAXKN  IBOII  InLBT  VaLVE  SHOWN  TAKEN  FROM  DISCHARGE  VaLVE 

Df  Fio.  25  SHOWN  IN  Fig.  25 


of  the  indicator  cards,  Figs.  22  and  23,  which,  however,  are  only 
circumstantial  evidence.  The  author  considers  himself  fortunate 
in  having  secured  valve  behavior  diagrams  from  an  experimental 
engine  of  the  Mesta  Machine  Company,  which  has  lately  begun  a 
series  of  sjrstematic  experiments  on  a  plate  valve  patterned  after 
those  of  Hoerbiger  and  Borsig.  This  valve.  Fig.  25,  designed  by  L. 
Iversen,  is  intended  to  equal,  or  if  possible,  even  surpass  the  Euro- 
pean valves.  It  is  guided  without  friction  by  a  volute  spring,  iSies 
up  against  a  cushioned  guard  and  is  in  all  respects  similar  to  the 
above  described  European  valves.  Valve  motion  curves  taken  from 
this  valve  may,  therefore,  be  regarded  as  indicative  of  the  whole  type. 
39  In  Fig.  26  the  diagrams  of  the  inlet  valves  are  given,  and 
in  Fig.  27  the  diagrams  of  the  discharge  valve.  A  standard  blowing- 
engine  valve  was  used,  which  meant  in  this  case  that  the  valve  area 
was  larger  than  necessary.  The  result  is  that  the  inlet  valve  jQutters 
somewhat  at  low  rotative  speeds  and  that  the  discharge  valve  lifts 
very  little.    Besides,  the  spring  load  was  too  great.    Allowing  for 
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these  departures  from  correct  conditions,  the  curves  present  cno 
interesting  features.  Turning  to  Fig.  26,  it  will  be  noticed  that 
time  of  vibration  of  the  valve  is  practically  constant,  so  that  at 
high  speed  the  valve  has  not  time  to  perform  a  great  numbe 
these  vibrations  per  engine  stroke;  in  fact,  only  one  small  vibra 
during  lifting  and  one  small  vibration  during  closing  occur.  At  i 
speeds  the  valve  is  closed  on  the  dead  center,  only  at  the  very  hig 
speeds  it  rebounds  and  closes  a  triSe  late.  This  rebound  app 
to  be  caused  by  a  sort  of  compression  wave  under  the  valve 
rarefaction  wave  above  the  valve  so  that  the  rebound  is  not  ne 
sarily  caused  by  elastic  compression  of  the  valve  seat.  The  veloi 
with  which  the  valve  strikes  the  seat  can  be  determined  appn 
mately  from  the  diagrams  by  the  tangent  method. 

Mean  effective 
Air  delivered  by  engine  air  delivery 


uc- Time  of  one  i-cvolution 

I 

FiQ.  28    Air-Wave  Pulses  caused  bt  Reciprocatino  Buym 

40  From  the  sound  of  closing  of  these  valves,  the  author  jud 
that  their  velocity  of  striking  must  be  very  much  less  than  (hoi 
cup  valves  in  the  designs  of  Figs.  5  and  6.  For  this  reason  lift 
surprised  to  find  from  the  diagrams  (Fig.  26)  that  the  vdodl 
quite  high  enough  to  call  for  very  good  material,  such  ae  i 
steel.  This  would  be  exactly  in  line  with  the  experience  ol 
German  builders  who  state  that  unqualified  success  in  these  vj 
is  not  only  a  matter  of  design  but  just  as  much  a  matter  of 
material. 

41  From  Fig.  27  it  will  be  observed  that  the  outlet  val 
reflected  by  the  cushion  plate  and  is  thrown  back  into  the  air  cui 
where  it  duly  performs  its  vibration.  At  several  speeds  it  i 
late.  The  air  cards,  however,  show  no  signs  of  slip.  In  spite  c 
slight  delay,  the  outlet  valves  close  very  quietly,  as  is  prove 
sound  and  by  the  rounding  of  the  diagram  at  the  closing  ] 
The  vibrations  of  this  type  of  valve  are  of  so  short  a  duration 
the  air  in  blast  mains  does  not  set  up  synchronous  vibrations. 
tests  on  this  valve  have  not  vet  been  finished. 
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42  From  a  study  of  the  various  types  of  valves  and  valve 
geara,  it  appears  that  at  the  present  time  the  low-lift,  alloy  steel 
pLate  valve  promises  to  become  the  standard  valve  for  high-speed 
bloving  engines,  because  (a)  there  is  no  wear  or  binding  or  sticking; 
(b)  no  lubrication  is  required;  (c)  it  causes  very  small  throttling 
losses;  (d)it  can  be  used  for  the  highest  speeds;  (e)  it  is  inexpensive ; 
(/}  it  does  away  with  mechanical  gearing,  oiling  and  adjustment. 

43  No  matter  with  what  valves  a  reciprocating  blower  is 
equipped,  its  ddivery  remuns  discontinuous,  that  is,  it  delivers 
ur  impulses  comparable  to  a  constant  delivery,  over  which  is  super- 


Fio.  29    Blowino  Enoine  with  Air  Tank  i 

posed  a  wave  motion  or  vibration  (Fig.  28).  If  the  blower  discharges 
Erectly  into  the  blast  mwn,  then  vibrations  are  transmitted  with 
Undiminished  strength  and  shake  the  whole  line.  In  steam-engine 
practice  this  evil  was  long  ago  cured  by  placing  a  large  steam 
or  water  separator  near  the  engine,  and  so  convinced  are  we  of  the 
necessity  of  this  separator  that  we  install  it  also  on  lines  carrying 
superheated  steam,  ostensibly  for  the  purpose  of  dropping  out 
moisture  which  is  not  there,  but  really  to  damp  the  vibrations  of  the 
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pipe  line.  If  a  similar  request  is  made  of  a  furnace  man  for  tbe 
air  line,  a  great  deal  of  resistance  is  encountered.  The  author  knows 
of  only  one  furnace  plant  in  this  country  where  a  large  tank  or 
equalizer  was  installed  for  each  blowing  engine.  The  pipe  linefl 
thus  connected  are  practically  free  from  vibration. 

44  In  Europe  a  similar  resistance  is  probably  offered  by  furnace 
men;  at  least  it  would  appear  so  from  the  fact  that  modem  high- 
speed reciprocating  blowers  are  equipped  by  the  builders  witli 
large  tanks  resting  on  the  backs  of  the  cylinders,  thus  pennittiixg 
the  furnace  man  to  retain  his  long  cherished  ideas  of  pipe-line  design 
(see  Fig.  29).  The  results  must  be  satisfactory,  if  comparison 
made  with  the  American  plant  in  which  tanks  are  used. 

45  Summing  up,  we  find  that  the  reciprocating  blower  has 
the  last  decade  made  wonderful  strides  towards  becoming  a  su. 
cessful  high-speed  machine.  While  the  increase  of  piston  s] 
was  started  by  the  gas  engine  as  a  matter  of  necessity,  it  has  al 
benefited  the  steam-driven  blowing  engine,  and  isolated  fuma^  ^^ 
plants  can  now  work  with  two  air  cylinders  instead  of  thit-is* 
because  one  will  successfully  blow  a  furnace  in  case  of  emergenc^^J 
or  else  three  smaller  units  may  be  used. 

46  The  combination  of  the  high-speed  reciprocating  bloir^  ^ 
with  the  blast-furnace  gas  engine  makes  the  use  of  the  lattv  proS^  ^ 
able  even  in  the  Pittsburgh  district  where  coal  is  cheap.    The  latei^^ 
group  of  furnaces  in  this  region  has  been  equipped  with  alow-spe^'^ 
reciprocating  steam-driven  blowers.     If  a  high-speed  gas-diiv^^ 
blower  had  been  on  the  market,  the  result  would  probably  ha^^ 
been  different,  because  then  the  first  cost  of  the  more  efficient  g»^ 
engine  would  have  been  lower. 

47  A  gas-driven  blowing  engine  with  800  to  900  ft.  per  min. 
piston  speed  and  high  rotative  speed  will  be  the  meet  formidable 
competitor  of  the  turbo-blower,  if  European  experience  may  be 
taken  as  a  guide.  There  are  engineers  in  this  coimtry  who  have 
already  carried  into  practice  higher  piston  speed  for  gas  enfpines 
for  electric  power,  and  interesting  developments  in  this  line  of  work 
may  be  expected  in  the  next  five  years. 


APPENDIX  No.  1 

TBS  INFLUENCE  OF  CLEARANCE  (VOLUME  AND  SURFACE) 
IN  BLOWING  ENGINES 

A   Thb  influonoo  of  eleannce  it  fourfold; 

a  Tbs  high-preMure  air  imprisoiied  in  the  ele&ruieo  spue  r«-«xpuidB 
aatdpnTeuta  the  entering  of  &tmo«pheriaairuiitiltheprMaiireinth« 
clwmoeeipMe  has  dropped  down  to  atmoepheie. 
b  Tbo  lurf  He  of  the  clearance  space  ie  heated  by  the  oompreMion,  (■▼«■ 
op  heat  to  the  incoming  atmospheric  air  and  thereby  reducea  the 
might  of  air  taken  io  per  stroke. 
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Fio.  3D   Imtlukmcx  of  Voluux  or  Cliabanck  Spaci  Upon  Piston 
DiaPLACBviiNT  or  Blowing  Enoinbs 


The  two  foregoing  actions  require  a  larger  cylinder  than  would  be 
required  without  clearance  space  or  surface  for  delivery  of  a  given 
quantityof  airperatroke.  The  larger  cylinder  means  heavier  piston 
and  rod,  larger  valves;  briefly,  a  more  expensive  machine  for  unit 
weight  of  air  taken  in  per  stroke. 

The  larger  parts  cause  a  loss  by  friction  and  this  fact  calle  for  an 
increase  in  the  aise  of  the  power  cylinder,  sbesoil  or  gas. 
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49  The  enlarging  of  the  air  cylinder  due  to  the  action  described  under  the 
first  heading,  re-expansion,  can  be  mathematically  determined.  The  results  of 
Buch  a  calculation  are  plotted  in  Fig.  30.  Since  15  lb.  per  sq.  in.  represents  the 
average  blast  pressure,  approximately  1  per  cent  of  increase  of  cylinder  diam- 
eter will  be  necessary  for  every  3  per  cent  increase  of  clearance  volume. 

50  The  influence  of  clearance  surface  on  weight  entering  per  stroke  cannot 
be  mathematically  treated,  at  least  not  by  any  formula  simple  enough  for 
practical  use.  It  should  be  noted  that  this  harmful  surface  is  present  even  if 
the  clearance  volume  is  reduced  to  zero.  The  lack  of  knowledge  of  the  influ- 
ence of  the  heating  surface  offers  the  most  assailable  point  to  the  opponents  of 
the  reciprocating  blower.  Tests  are  therefore  needed,  and  the  author  believes 
that  on  an  engine  with  tight  valves  a  thermometer  in  the  intake  pipe,  a  ther- 
mometer in  the  outlet  inmiediately  beyond  the  valves  and  an  indicator  will  give 
ft  very  good  idea.  From  the  temperature  of  the  outlet  and  the  shape  of  the 
indicator  card,  the  temperature  at  the  beginning  of  the  compression  can  be 
computed.    Comparison  of  the  value  thus  obtained  with  the  reading  of  the 


Fio.  32    Thbobbtical  Indicator  Card  Showing  Effect  of  Clearance 

'thermometer  in  the  intake  pipe  gives  the  influence  of  the  walls.  From  figures 
^^n  the  number  of  revolutions  per  pound  of  coke  delivered  to  the  blast  furnace 
mnd  from  other  data  furnished  the  author  by  Julian  Kennedy  of  Pittsburgh,  it 
appears  that  the  influence  of  these  walls  on  large  size  engines  is  quite  small 
indeed,  but  no  definite  conclusions  can  be  drawn,  because  the  reactions  in  the 
Iblatft  famaoe  vary. 

51    The  author  was  particularly  interested  in  variations  of  volumetric  effi- 
^Biency  caused  by  variations  of  surface  of  clearance  space.    To  obtain  data  on 
point,  a  small  8  in.  by  8  in.  compressor  at  the  Carnegie  Technical  Schools 
so  equipped  that  its  clearance  surface  could  be  varied,  leaving  the  clear- 
ance volume  constant.    The  quantity  of  air  passing  through  the  compressor 
waa  measured  by  a  positive  air  and  water  tank  displacement  meter.    Fig.  31 
provea  that  the  influence  of  extra  surface  is  indeed  very  small,  so  small  as  to 
be  of  no  practical  influence  in  blowing-engine  practice.    This  is  reasonable 
since  during  the  suction  stroke  the  incoming  air  is  exposed  in  a  machine  with- 
out clearance  to  heating  by  the  cylinder  head,  the  piston  and  approximately 
one-half  of  the  cylinder  barrel,  and  compared  with  this  enormous  surface  the 
extra  walls  of  ordinary  clearance  spaces  are  small.    Besides,  heat  transmission 
decreases  with  diminishing  temperature  difference,  and  after  the  air  has  beeu 
heated  a  certain  amount,  further  temperature  rise  becomes  sluggish. 


462  BBCIPROCATINQ   BLA8T-FUBNACB  BLOWING   BNOINBB 

52  It  should  be  noted  that  in  this  test  eonditions  were  purpoeely  made  unfa- 
vorable. The  surface  was  large  compared  with  the  Yolume;  tlie  extra  surface 
was  arranged  in  the  current  of  air;  no  radiation  from  these  surfaoes  to  the  out- 
side air  could  take  place,  and  the  compression  was  higher  than  usual  in  blowing 
engines.  In  view  of  these  facts  the  statement  that  the  influence  of  the  walls  of 
extra  clearance  space  in  blowing  engines  is  negligible  will  appear  justifiable. 

53  A  brief  consideration  of  (c)  shows  that  it  is  not  so  serious  as  might  appear 
at  first  glance.  The  larger  cylinder  is  imaginary,  because  if  clearance  is  en- 
larged for  the  purpose  of  increasing  the  valve  area  with  a  view  to  allowing 
higher  piston  speed  the  actual  cylinder  volume  per  unit  quantity  of  air  pumped 
is  much  reduced. 

54  If,  for  instance,  the  rotative  speed  of  an  engine  is  doubled,  the  ideal 
cylinder  volume  per  unit  weight  of  air  delivered  is  cut  in  two;  if  the  clearance  ia 
increased  a  few  per  cent  to  accommodate  larger  valves,  the  new  unit  cylinder 
volume  will  probably  be  52  to  54  per  cent  of  the  original  one,  so  that  in  spite  of 
the  theoretical  increase  of  volume,  a  practical  reduction,  which  is  very  material, 
results. 

55  The  friction  loss  mentioned  under  the  fourth  heading  exists  in  reality 
and  would  doom  clearance  space,  if  no  compensating  benefit  existed.    The  ma^ — 
nitude  of  the  friction  loss  might  be  determined  by  tests,  but  in  the  absence  of 
tests  that  cover  a  sufficient  range,  the  following  reasoning  is  suggested :  Th 
mechanical  efficiency  of  blowing  engines  varies  from  85  to  92  per  cent,  that  i 
to  say,  the  indicated  air  work  is  85  to  92  per  cent  of  the  indicated  steam  wor 
In  order  to  cover  all  contingencies,  the  calculation  should  be  based  upon  t 
engine  with  greatest  friction  work,  that  is  to  say,  an  engine  with  85  per  ce 
mechanical  efficiency;  the  latter  figure  is  equivalent  to  the  statement  that  17 
per  cent  of  the  indicated  air  work  is  friction  loss.    Let  this  figure  be  corre 
for  an  engine  without  clearance.    Then  the  friction  work  in  an  engine  wi 
clearance  will  be  greater  principally  for  two  reasons: 

a    If  the  stroke  remains  the  same,  the  forces  will  be  greater  in  the  ra 

of  —  (see  Fig.  32).  Since  the  diameters  of  crank  pin  and  of  shaft 
main  bearing  are  nearly  proportional  to^/  —  *  the  friction  path 
larger  in  ratio  ^ '  -y-  for  the  machine  with  clearance.     The 


lost  by  friction  will  therefore  be  proportional  to 


W " 


b    Piston  area  grows  proportional  to  — ,  and  the  piston  thickness  gro 

It 

proportional  to  ^/  — '  so  that  the  piston  weight  which  produ< 

f  L  1  1-5  ,        , 

friction  grows  with    \-f-}       •    These  figures  are  based  on  eqas 

strokes  for  machines  with  and  without  clearance.    Friction  wor>^ 

from  this  source,  therefore,  is  also  proportional  to  <  -j-  > 

56    Other  friction  losses,  fur  instance  those  caused  by  crosshead  slidinSr 

flywheel  windage  and  others,  are  not  proportional  to     \-f-f     »  but  they  cer- 
tainly do  not  exceed  that  ratio.  ^ 


57  At  K  firat  mprozimatioii  the  friction  loBs  may,  therefore,  be  taken  as 
propotionkl  to  -J  -f-  (  (bab  ^E-  32).  On  tho  basis  of  a  mechanical  efficiency 
ofSipereuitforthe  no-clearance  machine,  theadditionalfriction  workdue  to 
elunuiM  Tolome  has  been  plotted  in  Fig.  33.  It  will  immediately  be  recog- 
DiMd  that  an  inereaae  of  clearance  volume  from  2  per  cent  to  6  or  8  per  cent 
Ewua  ft  very  small  loss,  a  loss  that  need  not  be  considered,  if  other  more  im- 
pMuit  features  can  be  gained.    The  most  important  feature  is  a  smaller  and 
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'let.  33    ADDrriONAi  Fkiction  Loss  Due  to  Cliasance  in  Blowing 

Shoinks.    Based  on  S5  per  cent  Mechanical  Efficiency  or 

Enqine  Without  Cleahakcx 

cheaper  engine.  In  atfiam-driven  units  this  in  itaelf  ia  a  gain  from  the  stand- 
'^j'  ^^  ^^  purchaser,  provided  that  3  or  4  per  cent  in  fuel  consumption  makes 
no  uwQy^g^g  Jq  gas-«ngine  blowers  great  fuel  economies  are  made  poseiblo, 
u  etat^j  j^  jj,^  main  paper. 

DISCUSSION 

.  T,  Child  (written).  Iii  Par.  7,  Professor  Trinke  refers  to  the 
™''Ulty  which  exists  with  alt  poppet  valves;  namely,  the  fluttering 
<"^a«  valves  and  the  impossibility  of  bringing  them  promptly  and 
luietly  against  th^  seats  at  hi^  speeds.  The  last  sentence  of  this 
''^^Sraph,  which  states  that  in  ordinary  American  blowing-engine 
^'^"^ce  poppet  valves  close  so  near  the  dead  center  that  for  all  prac- 
^^  purposes  they  may  be  considered  as  closing  on  time,  without 
y'Wiig  back  of  sir,  is  true  only  when  poppet  valve  en^nes  are  run 

^ery  slow  speeds. 
^  the  many  cases  in  which  we  have  taken  off  beads  equipped  with 

^Pet  valves  and  replaced  them  with  beads  fitted  with  the  South- 
^''k  sliding  valves,  the  delivery  of  the  engine  has  been  increased 


frtj] 


'^  50  to  100  per  cent,  through  eliminsUng  the  loss  due  partly  to 
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leakage  and  slip,  and  partly  to  the  fact  that  the  engines  could  r;in 
efficiently  at  much  higher  speeds  than  they  had  been  used  to  running 
with  the  poppet  valves. 

In  Par.  13  and  in  several  subsequent  places.  Professor  Trinks 
speaks  of  obtaining  pressures  in  the  air  c^inder  within  i  lb.  of 
the  atmosphere.  With  Southwark  valves,  we  do  much  better  than 
this.  We  assisted  some  years  ago  at  a  series  of  tests  of  blowing 
engines  with  Southwark  valves  at  the  Lackawanna  Steel  Company 
in  Buffalo.  The  report  on  these  tests  was  as  follows:  At  mid- 
stroke  the  suction  varies  from  3  os.  per  sq.  in.  at  45  r.p.m. 
to  5^  oz.  per  sq.  in.  at  80  r.p.m.,  but  at  the  end  of  the  admission 
stroke  the  blowing  cylinder  is  filled  with  air  which  b  always  within 
I§  oz.  of  atmospheric  pressure. 

struck  Stop  Hero 


l}<oz. 


5X  oz. 


Air  Cylinder  Top  End 

Fia.  34    TfPicAL  Indicator  Card  with  Southwark  Valves 


Fig.  34,  shows  a  typical  card  taken  during  these  tests.  The 
amount  given,  1^  oz.,  is  looking  at  the  matter  from  the  worst 
point  of  view.  It  seems  probable  that  the  pressure  in  the  cylinder 
at  the  end  of  the  suction  stroke  is  actually  equal  to  atmospheric 
pressure,  owing  to  the  fact  that  the  inertia  of  the  column  of  air 
rushing  through  the  inlet  valve  is  enough  to  make  up  for  the 
friction  loss.  This  is  the  more  likely  from  the  fact  that  the  South- 
wark inlet  valve  does  not  have  harmonic  motion,  but  remains  wide 
open  until  almost  the  end  of  the  stroke,  when  it  is  closed  very  rapidly 
by  a  cam.  We  are  informed  by  Mr.  Longacre,  chief  eng^eer  of  the 
Ingersoll-Rand  Company,  that  he  has  frequently  found  that  the 
inertia  of  the  air  entering  through  well  designed  inlet  valves  is  more 
than  sufficient  to  overcome  the  friction. 

It  will  be  noticed  in  Fig.  34  that  a  very  light  spring  was  used, 
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which  does  not  show  the  top  of  the  card  at  all,  since  the  indicator 
struck  the  stop  before  reachmg  the  pressure  at  which  the  blowing 
engme  was  delivering  air.  This  light  spring  also  accounts  for  the 
vibration  at  the  beginning  of  the  inlet  stroke,  which  was  doubtless 
due  to  the  large  inertia  of  the  indicator  parts  as  compared  with  the 
strength  of  the  spring. 

In  connection  with  these  tests  at  Buffalo,  measurements  were 
o^e  by  two  methods  to  find  out  how  much  the  air  was  superheated 
At  the  beginning  of  the  compression  stroke.  This  was  found  to  be 
^  dcg.  fahr.  in  the  worst  case  and  appeared  to  be  due  mainly  to 
^e  contact  of  the  air  with  the  hot  cylinder  walls.  The  heating  was 
A  trifle  less  at  high  speeds  than  at  low  speeds,  which  shows  that  it 
^^  not  due  to  friction  through  the  inlet  valve. 

In  Par.  20,  the  action  of  the  Southwark  valve  gear  is  described 
^^d  it  is  stated  that  the  actuating  cylinder  is  so  proportioned  that 
'Or  a  given  speed  of  engine,  a  given  blast  of  pressure  and  a  given 
'Method  of  lubrication  the  valve  opens  at  the  correct  instant.    In 
'^^odem  Southwark  gears,  however,  there  is  a  check  valve  in  the  pipe 
'fading  air  to  the  actuating  cylinder,  and  this  check  valve  is  held  shut 
^y  the  pressure  in  the  blast  main.    Air  is  therefore  not  admitted  to  the 
^^uating  cylinder  until  the  pressure  in  the  air  cylinder  becomes 
^tnost  equal  to  that  in  the  blast  main.    This  arrangement  overcomes 
^hc  defect  which  Professor  Trinks  speaks  of,  of  having  the  outlet 
Valves  open  too  soon.    Also,  our  modem  valves  give  considerably 
greater  areas  than  those  mentioned.    They  provide  20  per  cent  for 
the  inlet  and  15  per  cent  for  the  outlet  whenever  these  large  amounts 
c^ppear  to  be  desirable.    If  required,  these  amounts  can  be  made 
30  per  cent  and  20  per  cent,  respectively.    We  have  not  noted  any 
tailing  ofif  in  the  popularity  of  this  valve  gear.    On  the  contrary,  we 
have  been  busily  engaged  taking  off  heads  of  other  design  and  sub- 
stituting Southwark  heads  at  many  furnace  plants  in  this  and  other 
countries. 

The  Southwark  gear  operates  as  satisfactorily  at  600  ft.  speed  as 

*t  300  ft.  and  avoids  the  losses  due  to  tortuous  passages  mentioned 

"y  the  author.    Regarding  the  wear  of  the  Southwark  gear  it  will  be 

^otcd  that  the  valves  do  not  move  under  pressure,  but  that  at  the 

^ment  when  they  are  opened  and  shut,  the  pressure  inside  and  out- 

^^^  the  cylinder  is  balanced,  causing  the  valves  to  float  when  moving. 

j-^^  doubtless  accounts  for  the  small  amount  of  wear.     It  would  not 

^  possible  to  move  the  valves  under  these  balanced  conditions  if 

^^y  moved  with  harmonic  motion,  since  they  would  then  be  moving 

Practically  all  the  tune. 
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The  performance  of  these  valves  is  mdicated  by  the  record  of  IS 
engmes  installed  at  the  plant  of  the  Lackawanna  Steel  Company^ 
Buffalo,  which  have  been  running  about  eight  years  at  60  r.p.m.    Oi 
horizontal  gas  engines  in  Europe,  many  engines  run  80  revolutions^ 
continuously,  night  and  day,  and  any  speed  less  than  65  r.p.m.  \i 
abnormally  slow.    Of  two  engines  96  in.  in  diameter  by  44  in 
stroke,  running  70  revolutions,  one  ran  a  total  of  4475  hours  out  o 
a  possible  total  of  4525;  the  other  ran  4358  out  of  a  possible  total 
4452,  after  which  one  of  the  engines  made  a  non-stop  day  and  nigh-^ 
run  of  over  five  months.    Such  results  speak  for  themselves,  ani 
are  not  possible  with  engines  having  a  large  number  of  lifting  valve 
some  of  which  are  sure  to  need  frequent  attention. 

We  do  not  agree  with  Professor  Trinks  as  to  the  quietness  of  tbnzxie 
small  poppet  valves,  since  the  impression  we  have  received  from  aa^^l 
of  the  engines  so  equipped  is  that  they  were  making  a  great  deal  m^^  of 
noise. 


F.  E.  Cardullo  thought  that  builders  of  blowing  engines  cou^^d 
follow  the  lead  of  the  pumping  engine  manufacturers  by  using  a 

large  number  of  small  valves  of  about  3  in.  in  diameter  h 
of  large  ones  of  18  to  20  in.  in  diameter,  which  must  be  mecham< 
operated  and  are  subject  to  unusual  mechanical  stresses  and  hi- 
temperatures.     These  large  valves  are  more  satisfactory  with 
than  they  would  be  with  water,  but  objections  are  of  the 
character,  and  with  high  speeds  are  of  the  same  validity  as  t- 
objections  to  similar  valves  in  water  pumps.    Suitable  material  shot 
be  used,  perhaps  steel  plates,  and  with  a  very  small  rise  almost 
fluttering  or  vibration  would  be  found.     On  account  of  the 
simplicity  of  construction,  such  valves  would  give  no  trouble,  a: 
shutdowns  from  defective  valves  would  be  reduced  to  a  minimu' 

The  Author.    Fourteen  years  ago  the  writer  saw  a  blowing  engE 
with  an  almost  countless  number  of  small  aluminum  valves  about 
in.  in  diameter,  all  in  strict  compliance  with  the  ideal  of  Profes^^ 
Cardullo.    Yet  that  type  of  engine  did  not  survive,  partly  because 
failure  of  even  one  valve  of  that  size  demands  a  shutdown  for  rep 
just  as  it  does  with  larger  valves.     The  frequency  of  shutdowns 
thereby  increased  and  since  it  is  impossible  to  tell  definitely  w**  ^  ^^ 
valve  has  let  go,  hunting  for  the  location  of  the  broken  valve  is 
gravating. 

The  use  of  a  great  number  of  small  valves  is  inseparable  from 
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snre  clearance  space,  a  condition  not  harmful  in  water  pumps,  but 
impossible  for  blowing  engines.  Finally,  the  question  of  frictionless 
guiding  is  much  more  difficult  for  small  valves  than  for  large  ones, 
because  flexible  members  for  small  valves  become  too  delicate  to  be 
practical. 

The  first  paragraph  of  Mr.  Child's  discussion  applies  only  to  the 
high-lift,  non-mechanical  closed  poppet  valve,  foimd  in  very  few 
American  blowing  engines  and  not  to  the  low-lift  plate  valves  with 
frictionless  guides. 

It  is  true  that  poppet-valve  cylinder  heads  have  been  replaced  by 
Southwark  heads  and  that  great  economies  have  been  obtained  by  the 
change,  but  the  poppet  valves  in  these  cylinders  were  of  antiquated 
design.  The  writer  does  not  know  of  a  single  instance  of  replacing 
modem  low-lift  multi-ported  poppet  valves  by  a  Southwark  gear. 
It  should  also  be  noted  that  in  any  case  of  replacement  the  old  engine 
is  usually  worn  out  and  in  need  of  repair,  whereas  the  new  engine 
^ch  takes  its  place  is  in  first-class  condition.  As  a  proof  of  this 
statement  the  writer  wishes  to  offer  personal  knowledge  of  two  South- 
*»A  engines  which,  when  new,  furnished  the  wind  for  a  furnace  at 
10  r.p.m.  Aft^r  a  few  years  of  operation  these  same  engines  had  to 
run  at  55  r.p.m.  to  furnish  the  same  amount  of  wind. 

While  the  writer  values  the  receipt  of  the  information  that  South- 
wark engineers  have  made  an  attempt  to  correct  the  harmful  pre- 
opening  of  the  discharge  valve  at  slow  speeds  by  the  interposition  of 
a  check  valve,  he  regrets  that  the  information  was  not  available  at  the 
time  of  preparing  the  paper. 

Another  point  in  Mr.  Child's  discussion  needs  attention.  He 
^tes  that  Southwark  valves  do  not  move  imder  pressure.  If  this 
^^^  true  they  would  have  to  move  through  the  lap  at  an  infinite 
velocity  and  no  valve  gear  can  be  designed  which  is  strong  enough 
^  accomplish  this  feat.  Cam  diagrams  will  show  the  untenability 
^  his  statement.  It  will  be  recognized  that  time  for  motion  must 
^  ^owed  and  that  a  considerable  amount  of  valve  wear  is  unavoid- 
*"*c  iii  order  to  save  the  operating  cams  from  excessive  wear  or 
breaks. 
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This  paper  deals  principally  with  the  most  modern  methods  of 
producing  forgingS;  and  in  order  to  appreciate  these  methods  it  will 
be  necessary  briefly  to  review  what  has  been  done. 

2  All  are  acquainted  with  the  fact  that  the  power  of  the  hand 
hammer  is  not  derived  from  its  weight  alone,  but  from  weight 
combined  with  velocity  imparted  by  muscular  power  during  a  rela- 
tively long  stroke.  The  same  is  true  of  the  sledge  and  of  all  sorts  of 
drop  hammers,  whether  lifted  by  friction,  water  power  or  steam. 

3  The  power  of  drop  hammers  depends  solely  upon  the  mass  of 
the  hammer  and  its  lift;  whereas,  in  a  certain  kind  of  hammer  oper- 
ated by  steam  or  compressed  air  additional  power  is  obtained  by 
increasing  the  acceleration  beyond  that  caused  by  gravity  alone. 

4  While  the  steam  hammer  is  older  than  the  present  generation, 
this  can  hardly  be  said  of  the  modern  type  of  forging  press,  illustrated 
diagrammatically  in  Fig.  1.  A  plunger  A  is  forced  by  hydraulic 
pressure  against  the  forging  B,  thus  exerting  a  steady  pressure 
instead  of  a  blow.  All  forces  are  self-contained  and  no  free  forces  are 
transmitted  to  the  foundation. 

5  In  the  course  of  events  the  forging  press  began  to  supplant 
large  steam  hammers  everywhere,  whereas  the  small  hammer, 
operated  by  steam  or  compressed  air,  has  held  its  own  for  small  work. 
In  the  authors'  opinion,  the  logical  reason  for  this  fact  is  the  follow- 
ing: Small  pieces  cool  quickly  and,  as  a  rule,  require  a  finer  surface 
finish  than  is  demanded  in  large  forgings.    Since  the  hammer  strikes 
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a  blow,  the  force  of  the  impact  increases  aa  the  forging  cools,  bo  ti 
work  IB  done  on  the  surface  of  the  forging,  even  when  it  is  quite  o 
The  press,  on  the  other  hand,  would  be  powerless  to  do  any  wort 
the  cold  piece,  unless  the  anvil  surface  was  reduced  very  much 
a  Thus  the  hammer  will  probably  always  be  used  for  small  t 
and  for  making  tools,  because  tool  steel  must  not  be  heated  as  n 
as  machinery  steel  or  wrought  iron. 


Fjg.  1    Simple  Ttfe  of  Foroinq  Pbbbb 


7  The  very  features  which  make  the  hammer  deslrabh 
small  work  make  it  undesirable  for  large  work.  The  hammer 
upon  the  surface  of  the  malarial,  driving  the  surface  over  the 
without  compressing  the  latter,  as  in  Fig.  2.  The  press,  on  the  i 
hand,  exerta  a  continuous  pressure,  which  forces  the  semi- 
material  of  the  forging  to  flow  under  compression,  as  in  Fig.  3,  n 
process  tends  to  increase  the  density  of  the  material. 
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8  It  is  thus  evident  that  from  the  standpoint  of  improving  the 
quality  of  material  of  forgingS;  the  press  is  superior  to  the  hammer. 
and  it  would  be  considered  even  more  useful  if,  under  equal  condi- 
tions, it  used  less  steam  than  a  hammer  would  consume. 

9  To  investigate  the  comparative  steam  consumption,  a  con- 


Fin.  2.    Showing  Effect  of  Hammbr!N<j 


Fio.  3.    Showinq  Effect  or  Fobqinq  by  PuKSHrRE 

Crete  case  will  be  assumed.    Let  the  dimensions  of  a  Imniiner  with 
live  steam  above  the  piston  be  as  follows: 

Weights  of  falling  parts  P=5  long  tons 

Diameter  of  steam  cylinder =27^  in.* 

Stroke  of  piston  =  79  in. 

Initial  steam  pressure =107  lb.  per  sq.  in. 

Mean  efifective  pressure  =  71  lb.  per  sq.  in. 

Face  area  of  anvil  =  186  sq.  in. 
Then  we  find  : 

a  Mean  effective  accelerating  force  (Pj)  due  to  steam  pres- 
sure 

=  ~-  X  27.5'  X  71  =  42,000  lb. 

b  Acceleration  provided  by  P  and  Pj 
(42,000  +  11,200)  32.2 

n;ooo = '^^  ^'-  P'^  '^' 

e  Velocity  (V)  of  moving  parts  at  end  of  stroke 
■-\/2x acceleration  X stroke  =  45  ft.  per  sec. 

d  Kinetic  energy  stored  up  in  moving  parts 

79 
=  53,200  Ib.X— -  ft.  =  350,000  ft-lb. 

^Thew  dimenwoiMi  were  converted  from  metric  dimensions,   which  accounts 
for  thoodid 


472  POWBR  FORGING 

For  hammers  of  this  size  and  correct  temperature  oi 
forging,  it  may  be  assumed  that  the  moving  masses  are 
brought  to  rest  within  a  space  of  If  in. 

e  Basing  the  retardation  of  the  moving  parts  upon  this  ^ 
tance  the  average  retarding  force  is  found  to  be  2,580,000 
lb.,  or  approximately  1200  long  tons.    This  figure  may  be 
termed  the  force  of  the  blow  and  will  be  used  below  for 
comparison  with  a  press.    This  force  was  based  upon  a 
retardation  space  of  If  in.    It  would  be  wrong  to  assume 
that  all  of  this  space  is  utilized  for  compressing  the  forg- 
ing.   The  elasticity  of  the  foundations  absorbs  a  con- 
siderable amount  of  the  work  of  the  blow.     A  correct 
mathematical  treatise  of  these  losses  meets  with  insur- 
mountable  difiiculties.      From    the   experience   of   the 
authors  it  appears  that  almost  one-third  of  the  work  is 
lost  in  vibrations  so  that  only  about  1  in.  of  useful  com- 
pression or  deformation  of  the  forging  results. 

/  Since  it  is  intended  to  investigate  the  relative  economy  of 
different  methods  of  forging,  the  steam  consumption  per 
working  stroke  of  the  hammer  in  question  will  now  be 
computed.  Steam  is  needed  for  the  lifting  and  for  the 
down-stroke.  The  steam  for  the  up-stroke  may  be 
figured  approximately  from  the  equation  that  pressure 
multiplied  by  change  of  volume  equals  work  done.    Thus 

cubic  feet  of  steam  required  for  up-stroke 

79 
11,200  X—ft-lb. 

=  4.8  cu.  ft.  =  1.3  lb. 


144X107  lb.  persq.  ft. 

10  For  the  down-stroke  a  cylinder  full  of  steam  at  71  lb.  per 
sq.  in.  pressure  may  be  taken,  which  will  be  sufficiently  close  for  this 
purpose.     Thus  the  volume  of  the  steam  per  down-stroke 

YX  27.5^X79 

=  27  cu.  ft.  =6.4  lb. 


144X12 

The  steam  consumption  of  one  cycle  then  equals  6.7  lb. 

11  This  steam^consumption  is  based  upon  correct  operation  of 
the  hammer,  which,  however,  is  seldom  realized  if  the  operator 
neglects  to  close  the  throttle  at  the  instant  the  hammer  touches  the 
forging,  because  in  that  case  the  pressure  in  the  cylinder  may  rise  to 
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boiler  pressure.    If  the  hammer  is  used  to  strike  light  blows,  fvBll 
strokes  may  be  made,  using  the  hammer  principally  as  gravity  drop^ 
or  short  strokes  may  be  made  with  live  steam  on  top.    In  either 
the  steam  consumption  per  imit  of  work  done  is  enormously  inci 
The  great  number  of  combinations  possible  forbids  giving  figures* 

12  Turning  to  the  steam  consumption  of  the  press,  we  find  tl^^tt 
conditions  are  not  so  simple.  It  will  be  remembered  from  Fig.  1  tlK.'fl^t 
the  press  is  operated  by  water  under  pressure.  The  steam  consunm 
tion  then  depends  first  upon  the  method  of  producing  the  wai 
pressure  and  second  upon  losses  of  water  pressure  between  its  p: 
duction  and  its  application  to  the  press  (dunger. 

13  Before  the  intended  computation  can  be  made,  it  is  eviden^CJ.^ 
necessary  to  review  the  various  types  of  presses  on  the  market.  T-^w^c 
general  types  of  presses  exist:  (a)  The  so-called  purely  hydraualic 
presses  whose  pressure-water  is  furnished  by  separate  pumpxxs^; 
engines;  (b)  the  so-called  steam-hydraulic  presses  in  which  w9Lt^* 
under  pressure  is  generated  in  a  steam  intensifier. 

14  The  general  type  mentioned  under  (a)  is  best  illustrated 
Fig.  1 ;  the  pipe  at  the  top  of  the  cylinder  is  connected  either  directly 
or  by  means  of  a  hydraulic  accumulator  to  a  high-pressure  pvLXX^p 
which  may  be  either  direct-acting  or  of  the  crank  flywheel  tjrl>^ 

15  The  t3rpe  mentioned  under  (b)  is  shown  diagrammaticallsr  ^ 
Fig.  4.    The  press  consists  of  a  heavy  base  U  and  four  uprights 
supporting  the  hydraulic  and  steam  cylinders  above.    S  and  T 
the  dies,  the  upper  one  being  carried  by  the  crosshead  H. 
crosshead  is  moved  into  position  for  forging  by  the  use  of  the  st^^-*'^ 
cylinders  RR.     Pressure  for  forging  is  obtained  by  admission.      ^^ 
steam  into  the  top  of  cylinder  A,  which  moves  the  piston  downw^^ 
and  forces  rod  C  into  the  hydraulic  cylinder  P.    This  action 
causes  the  plunger  D  to  move  downward,  canying  with  it  the  ci 
head  and  the  upper  die.     The  effect  is  that  of  a  steam-actust<>^^ 
intensifier. 

16  Hydraulic  cylinder  P,  balancing  cylinders  FF  and  abo**^^ 
one-third  of  air  chamber  W  are  filled  with  water.     Air  pressure    ^^' 
about  100  lb.  is  pumped  into  air  chamber  TT,  which  is  sufficient  ^^ 
move  piston  rod  C  with  its  piston  to  the  top  of  steam  cylinder.    Tf^  * 
areas  of  plunger  D  and  cylinders  FF  are  equal,  so  that  the  downwar'^ 
force  on  plunger  Z),  due  to  the  air  pressure  on  the  water,  is  counted* 
balanced  by  cylinders  FF.    By  opening  check  valve  V  in  the  coim'' 
nection  between  air  chamber  W  and   hydraulic  cylinder  P,  thu^ 
allowing  water  to  flow  from  the  hydraulic  cylinder  to  the  air  chamber. 
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and  admitting  steam  to  cylinders  RR,  the  crosshead  can  be  raised  to 
any  position  and  similarly  it  can  be  lowered. 

17  Referring  to  type  (a)  it  is  found  that  the  pumps  commonly 
work  against  a  pressure  of  4300  lb.  per  sq.  in.  which  is  maintained 
by  an  accumulator.  Unfortunately,  the  process  of  forging  does  not 
always  require  all  of  this  pressure,  but  on  the  average  only  about 
50  to  60  per  cent  of  this  amount,  the  remaining  40  to  50  per  cent 
bdng  lost  in  the  controlling  valve. 

18  It  might  appear  that  it  would  be  more  economical  to  let  the 
pump  work  directly  against  the  press  without  an  accumulator  and 
even  without  intermediate  controlling  valves,  but  this  scheme  is 
too  ideal  to  be  practical.  It  has  been  found  necessary  to  provide 
controlling  valves,  by-pass  valves,  throttling  governors  and  other 
means  for  regulating  the  speed  and  power  of  the  press. 

19  Nevertheless,  this  type  of  press  has  one  advantage,  namely, 
that  it  can  make  a  continuous  full-pressure  stroke  of  the  maximum 
length  for  which  the  press  was  built.  For  this  reason  this  type  is  most 
advantageous  for  drawing  operations,  for  instance,  the  drawing  of 
tubes,  etc. 

20  Taking  up  type  (b)  as  illustrated  by  Fig.  4,  it  has  already 
been  mentioned  that  the  pressure  is  generated  by  a  direct-acting 
intensifier  which  is  similar  in  its  action  to  a  direct-acting  pump. 
While  at  first  thought  it  might  appear  that  the  direct-acting  intensi- 
fier, which  necessarily  has  to  maintain  an  almost  constant  steam 
pressure  throughout  the  stroke,  would  be  inferior  to  a  high-class 
compound  crank  and  flywheel  pump,  experience  has  taught  that 
the  opposite  is  the  case,  the  reason  being  that  the  work  is  inter- 
mittent and  requires  a  continually  varying  amount  of  power. 

21  After  these  explanations  we  are  ready  to  take  up  the  com- 
putation of  the  steam  consumption  of  a  press  for  the  same  work 
which  formed  the  basis  for  a  similar  calculation  for  the  steam  ham- 
mer. From  what  has  been  said  it  is  evident  that  the  type  of  pump, 
the  conditions  under  which  it  works,  the  proper  balancing  of  the 
accumulator  pressure  with  regard  to  the  work  and  other  factors, 
aflfect  the  steam  consumption.  Therefore  the  following  figures 
flhoald  be  considered  only  as  an  attempt  to  solve  the  problem. 

22  The  effective  work  of  the  hammer  was  240,000  ft-lb.  per 
working  stroke.  Basing  the  press  on  the  same  work  and  taking  the 
efficiency  of  the  transmission  pipe  as  90  per  cent,  the  pressure 
drop  in  pump  ports  as  10  per  cent,  and  the  efficiency  of  the 
pump  as  75  per  cent,  the  work  actually  to  be  done  in  the  pump 
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cylinder  is  395,000  ft-lb.      Let  the  pump  be  driven  by  a 

engine  whose  steam  consumption  is  32  lb.  per  h.p-hr.  on  accou^i^'i 

of  the  intermittent  working;  then  the  steam  required  for  the  equ. 

alent  work  is 

396,000X32 

'  =6.3  lb. 

33,000X60 

This  shows  that  the  purely  hydraulic  press  is  slightly  more 
nomical  than  the  steam  hammer. 

23  Matters  are  a  great  deal  simpler  for  the  direct-acting  stea. 
hydraulic  press.    Basing  the  calculation  upon  the  fact  that 
times  change  of  volume  equals  work,  and  assuming  a  steam  pressia 
of  150  lb.  per  sq.  in.  gage,  we  find  the  necessary  volume  of  steam  to 

240,000      ,,        ^,        o^ii.     r  X 

=  11  cu.  ft.  or  3.7  lb.  of  steam 

150X144 

For  the  sake  of  simplicity  friction  of  pistons  has  been  ne^ected  i 
all  cases.    This  last  result  is  reliable,  whereas  in  the  case  of  tb 
purely  hydraulic  press  and  in  the  steam  hammer,  additional  1 
may  occur  which  cannot  very  well  be  considered  on  account  o 
their  uncertainty.     The  excellent  economy  of  the  direct-acting 
steam  hydraulic  press  presupposes  that  no  dead  volume  of  clearance 
space  has  to  be  filled  before  the  motion  of  the  steam  piston  against 
its  full  resistance  begins. 

24  The  importance  of  this  last  sentence  is  so  great  that  the 
authors  take  the  liberty  of  repeating  it  in  different  words.  The 
expression  used  actually  includes  three  separate  facts:  (a)  The 
steam  piston  of  the  intensifier  must  be  in  its  starting  position  with 
practically  no  clearance;  (6)  the  movable  anvil  must  practicaUy 
rest  on  the  piece  to  be  forged;  (c)  there  must  be  no  voids  in  the 
plunger-and-intensifier  cylinder. 

25  These  three  principles  are  embodied  in  the  design  shown  in 
Fig.  4,  which,  in  the  authors'  opinion,  represents  the  most  practical 
form  which  this  type  of  press  can  assume.  In  this  system  the 
formation  of  voids  in  the  water  space  is  impossible,  because  the 
intensifier  plunger  floats  upon  the  water  at  all  times;  in  other  words, 
the  direction  of  motion  of  the  intensifier  piston  and  plunger  is  the 
same,  which  thus  provides  a  continual  force  closure.  If  such  force 
closure  were  absent,  and  in  some  types  of  steam  hydraulic  presses 
it  actually  is,  there  would  be  no  guarantee  of  a  filled  water  space  and 
increase  of  steam  consumption  would  be  the  inevitable  result.  More- 
over, it  will  be  seen  from  Fig.  4  that  the  pressure  is  generated  directly 
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he  same  cylinder  in  which  it  is  used,  thus  avoiding  the  losses 
ch  must  occur  where  the  intensifier  is  separated  from  the  press 
f  and  the  pressure  water  has  to  be  forced  through  pipes  and 
lections. 

DISCUSSION 

I.  Rogers.^  With  regard  to  the  assertion  in  Pars.  7  and  8,  that 
imer  forgings  have  concave  ends  and  that  press  forgings  have 
rex  ends,  the  shape  of  the  ends  really  depends  more  on  whether 
apparatus  used  is  heavy  enough  rather  than  on  whether  it  is  or 
3t  a  hammer.  There  are  plenty  of  forgings  made  with  heavy 
mers  that  have  convex  ends.  In  the  same  way  there  are  press 
jQg3  which  are  apt  to  have  concave  ones  if  the  press  is  not  power- 
inough. 

Par.  18  direct-acting  presses  are  referred  to,  which,  acting 
tly  from  pumping  engines  using  flywheels  and  expanding  the 
Q,  have  been  in  very  successful  operation  in  this  country  in  the 
ng  of  guns  and  armor  plate.  They  have  given  very  satisfactory 
ce,  the  only  objection  being  the  great  cost  of  first  installation. 
Par.  22,  having  figured  that  there  is  about  240,000  ft-lb.  of  work 
I  done  on  the  forging  by  the  hammer,  Mr.  Gerdau  compares  the 
with  the  hammer,  assuming  that  the  work  necessary  to  accom- 
equal  physical  results  on  the  forging  is  the  same  with  both 
ner  and  press.  I  believe  from  actual  experience  that  thisassump- 
is  incorrect.  The  amoimt  of  work  to  be  done  on  a  forging 
ads  upon  the  speed  with  which  it  is  accomplished.  That  is,  a 
tner  does  not  need  to  be  quite  so  large  as  a  press  because  it  works 
different  speed.  On  the  same  forging  the  actual  force  necessary 
/ercome  the  resistance  of  the  metal  will  depend  on  the  speed  of 
lammer  or  the  press. 

some  experiments  on  two  10,000-ton  presses  (two  of  the  largest 
ng  presses  in  the  country),  one  of  the  direct-acting  type  and  the 
r  of  the  intensifier  type,  all  conditions  were  made  as  nearly  alike 
ossible  in  the  different  tests,  the  speed  at  which  the  press  ran 
e  being  changed.  When  the  work  was  done  in  50  seconds  it 
ired  10,000  tons;  when  in  32  seconds,  only  6500  tons;  and  when  in 
Jconds,  only  4000  tons,  this  being  the  total  pressure  in  each  case, 
'efore  to  do  the  same  physical  work  on  the  hot  forging,  the  force 
ssary  depends  upon  the  speed,  that  is,  the  speed  with  which  the 
Hg  is  compressed  after  the  die  first  touches  it. 

ODsulting  Engineer,  165  Broadway,  New  York. 
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Fig.  5  shows  graphically  the  amount  of  the  pressure  or  the  force 
of  the  blow  delivered  by  the  pressure  of  the  press  or  by  the  h&xxi- 
mer.  The  onUnates  represent  the  pressure  of  the  press  or  the  fox-ce 
of  tiie  blow  of  the  hammer  and  the  abscissae  the  distance  the  die 
moves  in  accomidishing  the  work.  Taking  this  distance  constea-xst 
for  means  of  comparison,  the  hammer  will  deliver  the  greatest  bL^>-«r 
at  the  banning  of  the  compression  of  the  for^ng  and  have  a  cuK~^«^e 
like  H.  The  press,  on  the  other  band,  will  exert  its  greatest  pressi-XST-e 
at  the  vsaA  of  the  compression  of  the  forging,  starUng  with  i^^m 
and  gradually  building  it  up  aa  more  is  required,  as  in  curve  A.  Wl^fch 
a  more  slowly  moving  press  it  will  run  as  curve  £,  and  so  on. 
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Fio.  S    CoupARisoN  or  Blows  Dbuvbrid  bt  Paaw  and  bt  w*wm— 

In  the  case  of  the  press,  the  reuatance  offered  by  the  metal  is  tX 
all  times  equal  to  the  pressure  exerted  by  the  die;  thus  the  areas  under 
the  curves  A  and  B  represent  the  work  done  in  the  two  cases.  In 
the  case  of  the  hammer  the  resistance  offered  by  tiie  metal  is  not  equal 
to  the  force  of  the  blow  delivered  until  the  end  of  the  stroke.  Thus 
the  area  under  curve  H  does  not  represent  the  work  done  by  the  ham- 
mer, this  being  represented  by  the  area  under  a  curve  H'  which  rep- 
resents the  resistance  offered  by  the  metal  to  the  blow  of  the  hammer. 
Accordingly,  we  cannot  say  that  the  amount  of  work  to  accomplish 
the  same  result  on  a  forging  is  the  same  in  all  cases.  In  addition 
to  the  q>ecd  of  forging,  the  force  necessary  to  overcome  the  resist- 
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u&ce  of  the  metal  depends  upon  so  many  things,  such  as  the  tempera- 
^ux*e  of  the  forgmgy  the  composition  of  the  metal,  the  shape  of  the 
dies  and  the  condition  of  their  faces,  that  it  is  a  very  difficult  quantity 
^  figure  accurately. 

I  believe  that  the  press  and  the  hammer  have  each  their  own  fields. 
In  the  selection  of  either  the  question  of  steam  consumption  should 
^  one  of  the  minor  factors,  the  most  important  requisite  being  to 
select  the  tool  that  will  make  the  best  forging  in  the  most  efficient 
^^y,  taking  into  consideration  the  speed  of  production,  the  facilities 
for  changing  dies,  etc.,  and  that  will  not  be  out  of  service  under 
'^Pairs.  Each  case  must  stand  upon  its  own  requirements  for  the 
particular  work  in  hand. 

W.  E.  Hall.  Referring  to  the  computation  of  steam  consumption 
of  steam  hammers,  this  type  of  hammer  has  the  reputation  of  being 
&  steam  eater,  but  the  method  used  by  the  authors  gives  results  which 
*®^iu  excessive.  Efforts  have  been  made  for  several  years,  but  with- 
out success,  to  have  placed  before  the  Society  some  comprehensive 
'^formation  relative  to  their  steam  consumption,  etc.  The  only 
'Coords  available,  so  far  as  we  know,  are  some  indicator  cards  (Figs. 
,  ^^xd  7)  taken  by  the  writer  some  21  years  ago,  which  are  quite 
''^complete,  but  do  throw  some  light  upon  the  steam  consumption. 

1*fce  hammer  was  built  by  William  Sellers  &  Company,  Inc.,  and  the 

^j^Uxinal  rating  was  2  tons,  the  stroke  35f  in.  and  the  indicator  spring 

ly    ll>.    The  hammer  was  not  available  for  measuring  the  cylinder 

^^*Xieter  until  some  weeks  after  the  cards  were  taken.    This  dimen- 

j  *^^  (the  cylinder  having  been  re-bored  one  or  more  times  after  instal- 

^^c>n)  was  subsequently  accidently  lost.    This  and  other  matters 

P*'^'V"ented  a  completion  of  the  investigation.    The  steam  for  the 

^^^'^^    lers  was  obtained  from  boilers  located  over  the  smith  shop  heat- 

Cumaces  and  the  variation  of  the  work  in  the  furnaces  produced 

er  abnormal  differences  in  the  boiler  pressures  for  the  different 

The  hammer  was  located  about  50  ft.  from  the  boilers  and 


^^         operated  in  the  usual  way  by  a  hammer  man  under  the  guidance 
_^lie  foreman. 


le  cards  are  presented  because  they  show  from  the  cut-off,  etc., 

ZT*^^  the  basis  used  by  the  author  for  computing  the  steam  consump- 

^.^^'^^  would  seem  to  give  an  abnormal  result.    They  contain  some 

I^^^Mr  mtererting  features  such  as  the  effect  of  cushioning,  etc.,  and 

^^  rather  unfortunate  that  there  seems  to  be  no  record  showing  the 

^/^M  eoonomical  method  of  distribution  and  the  most  efficient  way 

^  ^^perating  mich  a  widely  used  shop  appliance. 
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POWER  FORQINO 


Thb  Authors.  Mr.  Rogers'  contention  is  correct,  that  ha 
which  are  very  heavy  in  proportion  to  the  size  of  the  forging  wi 
duce  convex  ends.  The  size  of  hanuners,  however,  has  not  ke{ 
with  that  of  forgings,  which  fact  accounts  for  the  concave  ea 
large  f  orgings  made  by  hammers.  The  vibrations  of  the  groun 
hammers  large  enou^  for  heavy  forgings  are  so  serious  that  1 
of  a  press  is  imperative.  A  heavy  hammer  is  better  than  a  lig 
because  the  former  owes  its  power  more  to  its  mass  and  less 
velocity.  The  action  during  contact  is  slower  than  that  of  th 
hammer  and  therefore  approaches  the  action  of  the  press. 


Top 


Lower  Knd 


FiQ.  6    Effect  of  Suort  Stroke  not  Striking 


FiQ.  7    Effect  op  Long  Stroke  Striking  Hard 

We  do  not  understand  the  inference  made  by  Mr.  Rogers 
second  paragraph  of  his  discussion.  We  have  never  denies 
presses  operated  by  crank  and  flywheel  pumps  are  in  sue 
operation,  but  have  stated  that  the  direct-steam  hydraulic  pres 
certain  processes  not  only  cheaper,  but  also  more  economical. 

We  agree  with  Mr.  Rogers  that  the  work  required  to  shape  a  i 
depends  upon  the  time  consumed,  but  cannot  assent  to  the 
ment  that  a  hammer  works  faster  than  a  press.  To  the  casi 
server  it  might  appear  that  the  hammer  moves  faster,  but  while  i 
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80,  most  of  its  fast  motion  is  used  for  getting  ready  to  do  work.  The 
piC88  consumes  practically  no  time  in  getting  ready,  and  works  all 
tke  time.  It  may  be  interesting  to  note  that  the  forge  shop  of  the 
Mesta  Machine  Company  has  been  able  to  cut  the  time  on  forgings 
coiLsiderably  since  the  hanmier  was  replaced  by  the  press. 

We  do  not  wish  to  discuss  the  correctness  or  incorrectness  of  Fig.  5, 

because  that  would  involve  a  theory  of  plasticity,  coupled  with 

dynamics  of  the  anvil  and  ground  or  soil.    While  our  experience  leads 

us  to  believe  that  these  curves  are  not  right,  we  cannot  disprove  them 

for  want  of  tangible  data. 

Referring  to  Mr.  Hall's  discussion,  it  appears  to  us  that  the  cut- 
off like  shape  of  the  indicator  cards  misled  him.  Both  cards  show 
a  great  deal  of  negative  work,  and  when  this  Lb  substracted  from  the 
positive  work  the  high  steam  consumption  per  unit  of  work  becomes 
apparent. 


No.  1323 

MEETINGS 
SEPTEMBER-DECEMBER 

MEETINGS  PREVIOUS  TO  THE  ANNUAL  MEETING 

8T.  LOUIS.  SEPTEMBER  30 

Meeting  with  the  Engineers  Club  of  St.  Louis.  The  Colorado 
Spring  Water  Works:  Paper  by  Hiram  Phillips,  member  Engineers 
Club  and  the  American  Society  of  Civil  Engineers. 

NEW  YORK.  OCTOBER  9 

Factory  Construction  and  Arrangement:  Paper  by  L.  P.  Alford 
and  H.  C.  Farrell.  The  paper  describes  the  arrangement  and  con- 
struction of  the  reinforced-concrete  factory  buildings  of  the  United 
Shoe  Machinery  Company,  at  Beverly,  Mass.,  with  reference  to 
their  adaptability  to  the  manufacture  of  light  machinery,  and  dis- 
cusses the  advantages  and  disadvantages  of  concrete  floors,  the  one- 
shop  plan,  the  artificial  lighting  installation,  and  various  modifications 
adopted  by  the  company  from  their  experience.  Published  in  The 
Journal,  October  191 L  For  the  discussion  see  The  Journal,  March 
1912. 

SAN  FRANCISCO,  OCTOBER  17 

Dinner  in  honor  of  Col.  E.  D.  Meier,  President  of  the  Society. 
Discussion  of  Society  matters  and  appointment  of  committee  to 
confer  with  representatives  of  other  engineering  organizations  with 
regard  to  engineering  congress  proposed  for  1915. 

BOSTON.  OCTOBER  18 

Power  System  of  the  Pacific  Mills:  Paper  by  F.  A.  Wallace. 
The  paper  gives  a  description  of  the  plant,  transmission  system  and 
motor  drives,  methods  and  organization  for  operation  and  inspection, 
and  considerable  information  as  to  costs.  Published  in  abstract  in 
The  Journal,  March  1912. 
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Wednesday  Morning,  December  6 

Business  meeting.  Reports  of  the  Council,  tellers  of  election.  of 
membership,  standing  and  special  coomiittees.  Amendment  to  C — ^^7, 
relating  to  the  financing  of  geographical  and  professional  sessic^: 
Announcement  of  sub-conmuttees  of  the  Conmuttee  on  Meetii 

New  business. 

Professional  Session 
The  Turret  Equatorial  Telescope,  James  Hartneas. 

Discussed  by  Ambrose  Swasey,  Wm.  Kent,  F.  R.  Hutton,  Worceste'xr         R. 
Warner,  Henry  Hess. 

Expense  Burden:  its  Incidence  and  Distribution,  Stei-l:^ng 
H.  Bunnell. 


Discussed  by  H.  F.  Stimpson,  Benj.  A.  Franklin,  H.  K.  Hathaway,  ^^^br'in- 
Kent,  Harrington  Emerson. 

Standard  Cross-Sections,  H.  deB.  Parsons. 

Discussed  by  F.  De.R  Furman. 

Wednesday  Afternoon 
Professional  Session 

a 

Tests  op  Large  Boilers  at  the  Detroit  Edison  Compajt  ^^» 

D.  S.  Jacobus. 

Discussed  by  R.  H.  Rice,  R.  D.  DeWolf,  H.  O.  Pond,  Wm.  D.  Ennii,  1^^* 
deB.  Parsons,  H.  H.  Esselstyn,  E.  G.  Bailey,  Wm.  Kent,  R.  C.  Carpente  ' 

E.  J.  Billings,  J.  W.  Thomas,  A.  Bement,  W.  F.  M.  Goss. 

Strain  Measurements  of  Some  Steam  Boilers  under  Hydro^^-^^^^ 
static  Pressures,  James  E.  Howard. 

Discussed  by  Francis  B.  Allen. 

Herringbone  Gears,  Percy  C.  Day. 

Discussed  by  F.  E.  Rogers,  Wm.  B.  Burlingame,  F.  De  R.  Furman,  W.  C-^  "*^' 
Brown. 

Simultaneous  Session  on  Cement  Manufacture 

Topical   Discussion   on  Cement  Manufacture:     The  JiM&t:^ 
Problem  in  Portland  Cement  Plants  and  its  Solution,  Otto  Sehott^ 
Confirmation  of  the  Advantages  of  Electricity  to  the  Cement  Manu — ' 
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(Bcturers,  J.  B.  Porter;  Electrical  Power  in  Cement  Plants,  F.  H. 
I^wis;  Protection,  of  Laborers  from  Accidents  and  Injury  to  Health 
in  Cement  Plants,  Otto  Schott;  Methods  and  Appliances  for  Preven- 
^  of  Accidents  in  Cement  Plants,  J.  G.  Bergquist;  Depreciation 
^  Obsolescence  in  Portland  Cement  Plants,  Holger  Struckmann. 

Reception 

Reception  to  members  and  guests  of  the  Society,  given  by  the 
^es'  Committee  in  the  rooms  of  the  Society.  Music  and  refresh- 
ffieots. 

Wednesday  Evening 

Gbo-DyNAMICB,     OB     THE     MECHANICS     OF     THE     FORMATION     OF 

W^ORLDs:    Address  by  Dr.  Robert  Simpson  Woodward,  President 
of  the  Carnegie  Institution  of  Washington,  D.  C. 

Thursday  Morning,  December  7 

Professional  Session 

The  Core  Room:  its  Equipment  and  Management,  Henry  M. 
Lane. 

Discussed  by  B.  D.  Fuller,  A.  N.  Kelley,  A.  E.  Outerbridge,  H.  A.  Becker, 
Thomas  D.  West,  Richard  Moldenke. 

Tests  of  a  Sand-Blasting  Machine,  Wm.  T.  Magruder. 

J^cussed  by  F.  C.  Brooksbank,  W.  S.  Giele,  A.  G.  Warren,  J.  M.  Betton, 
8-  C.  Smith. 

^'E  Castings,  Amasa  Trowbridge. 

^0  discussion. 

*^ahiablb-Speed  Power  Transmission,  G.  H.  Barms  and   C. 

No  discussion. 

Simultaneous  Session,  Gas  Power  Section 

^^  Engines,  H.  R.  Setz. 

^i"  op  AN  85-H.  p.  Oil  Engine,  Forrest  M.  Towl. 

^»cu8Bed  by  C.  E.  Sargent,  A.  J.  Frith,  Wm.  Sangster,  Louis  K.  Doelling, 
^'  ^'  Baker,  L.  B.  Lent,  H.  J.  Freyn,  E.  D.  Dreyfus. 
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Design  Constants  for  Small  Gasolene  Engines,  Wm.  D.  Enl^^' 

No  discussion. 

Economy  op  1000-Kw.  Natural  Gas  Engine,  E.  D.  Dreyfus 
and  V.  J.  Hultquist. 


\ 

WilUg,     1 


Discussed  by  W.  D.  Ennis,  W.  S.  McClelland,  H.  J.  Frcyn,  John 
Howell  C.  Cooper. 

Thursday  Afternoon 
Inspection  of  the  White  Star  S.  S.  Olympic. 

Thursday  Evening 

Reunion  of  the  membership  of  New  York,  in  honor  of  the  ne\vly- 
elected  officers  and  visiting  members,  their  ladies  and  guests,  at  the 
Hotel  Astor.     Dancing  and  refreshments. 

Friday  Morning,  December  8 

Professional  Session 

The  Development  of  the  Textile  Industries  of  the  United 
States,  Frank  W.  Reynolds. 

Discussed  by  Chas.  T.  Main,  Oo.  R.  Stetson,  John  Ecclcs,  G.  H.  Perkins, 
Chas.  F.  Scott,  A.  J.  Herschman,  Jas.  A.  Pratt,  J.  I.  Lyle,  C.  W.  Rice,  Geo.  M. 
Rrill,  Dwight  Seabury,  Mr.  Williston,  E.  D.  Dreyfus,  Albert  L.  Pearson,  Chas. 
T.  Plunkett. 

Rational  Psychrometkk;  Formulae:  tiieir  Relation  to  the 
Problems  of  Meteorology  and  of  Air  Conditioning,  Willis 
H.  Carrier. 

Discussed  by  R.  C.  Carpenter,  L.  S.  Marks,  O.  P.  Hood,  G.  A.  Goodcnough, 
R.  C.  H.  Heck,  Thos.  M.  Gunn. 

Atr-Conditioning  Apparatus,  Willis  H.  Carrier  and  Franl;  L. 
Busey. 

Discussed  by  R.  C.  Carpenter,  F.  R.  Still,  J.  I.  Lyle. 

Some  Experiences  with  the  Pitot  Tube  on  High  and  Low  Air 

Velocities,  Fnmk  H.  Kneoland. 

Discussed  by  G.  F.  (icbhardt,  R.  C\  Cari>enter.  Willis  H.  Carrier,  D.  W. 
Taylor. 
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Friday  Afternoon 

Excursions  to  Thomas  A.  Edison  Laboratory,  Orange,  N.  J.,  Brook- 
lyn  Navy  Yard,  Brooklyn,  Bush  Tennmal  Company,  Brooklyn, 
E.  W,  Bliss  Company,  Brooklyn,  Ward  Bread  Company,  New  York 

aty. 

ORGANIZATION  OF  COMMITTEES 
COMMITTEE  ON  MEETINGS 


L.  R.  PoMEROT,  Chairman 
C.  E.  LucKE  W.  E.  Hall 

H.  deB.  Parsons  C.  J.  H.  Woodbury 


MEETINGS  OF  THE  SOCIETY  IN  NEW  YORK 

Walter  Rautenstrauch,  Chairman 
F.  A.  Waldron,  Secy,  and  Treas,  » 

F.  H.  Colvin  Edw.  Van  Winklb 

R.  V.  Wright 

COMMITTEE   ON   WAYS   AND   MEANS 

Frederick  A.  Waldron,  Chairman 
Geo.  M.  Basford  Harrington  Emerson 

Walter  L.  Clark  J.  W.  Lieb,  Jr. 

\Vm.  T.  Donnelly  Walter  M.  McFarland 

Cha8.  a.  Moohe 


COMMITTEE   ON    PRESIDENT'S   RECEPTION 

George  J.  Foran,  Chairman 

R.  S.  Allyn  .  Chas.  Kirchuoff 

R.  P.  Bolton  J.  W.  Lieb,  Jr. 

H.  R.  Cobleigh  E.  W.  Marshall 

S.  D.  Collett  F.  J.  Miller 

Maurice  Coster  Alfred  Noble 

W.  N.  Dickinson  F.  E.  Rogers 

Lester  G.  French  W.  Schwanhaussbr 

Willis  E.  Hall  Theo.  Stebbins 

H.  A.  Hey  W.  R.  Warner 

W.  D.  Hoxie  I.  H.  Woolson 

W.  H.  Kenyon  R.  V.  Wright 


490 


80CIETT    J^TFAIRS 


C.  W.  AlKBN 

L.  P.  Alford 
A.  R.  Batlib 
L.  G.  French 
H.  L.  Gantt 

E.  J.  Prindlb 

F.  E.  Rogers 


COMMITTEE  ON  REUNION 


F.  A.  ScHBFFLBB,  Chairman 


E.  W.  RuTHXRro« 

J.  C.  SCHASFFLKT 

E.  A.  Spsbbt 
Thso.  Stbbbims 
H.  O.  Pond 

J.  W.  Thomas 

F.  A.  Waldron 


COBfMITTEE  ON  EXCURSIONS 

Walter  Rautbnstrauch,  Chairtnan 

ACQUAINTANCESHIP  COMMITTEE 
Roy  V.  Wright,  Chairman 


Tuesday 


Afternoon 

C.  J.  Morrison,  Sub^chairman 

Lawrence  Addicks 

F.  E.  Eberhardt 

R.  E.  Fox,  Jr. 

B.  L.  Gantt 

J.  D.  Maguire 

E.  J.  Prindle 

F.  E.  Rogers 


Morning 
J.  A.  KiNKEAD,  Sub-Chairman 

L.  D.  BURLINGAME 

W.  R.  Dunn 

M.  P.  Fillingham 

T.  M.  Keith 

H.  P.  Merriam 

F.  J.  Miller 

FiTz-WiLLiAM  Sargent 

Thursday  Morning 

J.  J.  McKee,  Sub-Chairman 

W.W.  Christie 

A.  Falkenau 

J.  W.  LiEB,  Jr. 

W .  M.  McFarland 

C.  H.  Parson 

H.  B.  Prout 

E.  A.  Stillman 

L.  A.  Whitcomb 


Wednesday 


Evening 
L.  A.  Shepabd,  Sub-Ckair—i 

H.  R.  COBLEIGH 

W.  C.  Douglass 
C.  I.  Earll 
H.  S.  Hat  WARD,  Jr. 
F.  R.  Button 
M.  C.  Maxwbll 
C.  W.  Obbbt 
C.  F.  Scott 

Afternoon 
F.  h.  Stillman,  Suh-Chairwmt 
H.  H.  Barnes,  Jr. 
H.  D.  Gordon 
P.  C.  Idbll 
J.  P.  Ilslbt 
A.  C.  Jackson 
H.  F.  J.  Porter 

W.  S.  TiMMiS 

Friday  Morning 

Rosea  Webster,  Svb-Chaiw^ 

A.  F.  Gani 

F.  A.  Hauguton 

J.  W.  Nelson 

N.  B.  Payne 

W.  W.RlCKBR 

J.  M.  B.  SCHEBLB 

M.  M.  Upson 

I.  H.  WOOLSON 


SOCIETY  AFFAIBS 


491 


ladies'  reception  combottee 


Mb8. 

Jesse  M. 

Smith,  Chairtnan 

L.  P.  Alford 

Mrs.  F.  R.  Hutton 

R.  S.  Alltn 

Mrs.  D.  S.  Jacorus 

C.  K.  Baldwin 

Mrs.  Wm.  H.  Kenton 

Frank  U.  Ball 

Mrs.  G.  L.  Knight 

G.  H.  Barrour 

Mrs.  Nixon  Lee 

Arthur  R.  Batliss 

Mrs.  S.  H.  Lirrt 

Chas.  H.  Bigelow 

Mrs.  J.  W.  LiBR,  Jr. 

Wm.  H.  Boehm 

Mrs.  F.  R.  Low 

L.  B.  Bonnbtt 

Mrs.  Wm.  H.  McKiever 

S.  H.  Bunnell 

Mrs.  W.  W.  Macon 

F.  T.  Chapman 

Miss  Clara  E.  Meier 

W.  W.  Christie 

Miss  M.  Alice  Meier 

Edward  Ciardi 

Mrs.  B.  M.  Mitchell 

J.  V.  V.  COLWELL 

Mrs.  S.  L.  Moore 

C.  H.  CORRETT 

Mrs.  C.  W.  Obert 

C.  A.  Dawlet 

Mrs.  C.  H.  Parson 

George  Dinkel 

Mrs.  N.  B.  Patne 

H.  Emerson 

Mrs.  H.  0.  Pond 

Wm.  D.  Ennis 

Mrs.  W.  R.  Porter 

F.  A.  Errinoton 

Mrs.  S.  a.  Reeve 

Chas.  Ekstrand 

Mrs.  Calvin  W.  Rice 

Geo.  L.  Fowler 

Mrs.  J.  M.  Robinson 

R.  E.  Fox,  Jr. 

Mrs.  a.  B.  Seb 

Nelson  E.  Funk 

Mrs.  Augustus  Smith 

F.  DbR.  Furman 

Mrs.  a.  Parker  Smith 

H.  L.  Gantt 

Mrs.  Theo.  Stebbins 

Alrert  F.  Ganz 

Mrs.  p.  V.  Stephens 

A.  H.  Goldingham 

Mrs.  H.  H.  Suplee 

F.  A.  Halsey 

Mrs.  W.  S.  Timmis 

G.  a.  Harris 

Mrs.  H.  G.  Torret 

David  L.  Hough 

Mrs.  Gusta\e  R.  Tuska 

W.D.  Hoxie 

Mrs.  Chas.  R.  Wight 

Wm.  F.  Hunt 

Mrs.  Jas.  Edw.  Wilson 

Harrt  C.  Hutchins 

Mrs.  Ira  H.  Woolson 

Mrs.  Rot  V.  Wright 

No.  1324 

THE  ENGINEER  AND  THE  FUTURE 

PRESIDENTIAL  ADDRESS  1911 
By  E.  D.  Meibr,  New  York 
President  of  the  Society 

If  we  could  plot  the  progress  of  engineering  in  the  last  century  in  a 
plaae  curve  culminating  in  the  present,  at  the  intersection  of  our 
axes  the  future  would  probably  trace  a  line  ascending  in  a  great 
parabola. 

^ut  as  we  look  back  we  can  conceive  of  no  equation  which  could 
express  the  achievements  of  the  past  in  a  single  line,  no  matter  how 
grand  its  sweep.  The  three  dimensions  which  limit  our  knowledge 
^'  space  are  requisite  to  compass  the  varied  activities  of  the  engineer. 

A>  century  ago  the  distinction  between  civil  and  military  engineer 
■sufficed,  but  a  few  decades  ago  it  became  necessary  to  differentiate 
m  turu  the  mechanical  and  the  electrical  engineer,  while  quite  re- 
cently upwards  of  a  hundred  specialties  were  enumerated  in  the  at- 
^napt  to  define  the  activities  of  the  profession,  each  of  which  has  its 
recogtxiged  experts.  These  are  developed  to  fulfil  the  imperative 
demands  in  every  art  and  industry  for  a  greater  refinement,  preci- 
•^^on  a^j^j  certainty  as  to  the  quantity  and  quality  of  the  product. 

olowly  but  surely  the  superstitions  and  traditions  which  have  so 
^^^  encumbered  our  social  life  and  hampered  our  free  development, 
^^  exposed  and  annihilated  by  the  altruistic  labors  of  men  who  give 
Qeir  lifg  ^o  science.  These  are  the  high  priests  of  the  new  dispensa- 
*^^*  It  is  the  duty,  the  glorious  privilege  of  the  engineer  to  receive 
P^ir  discoveries  with  reverent  hands,  and  apply  them  to  the  solu- 
^^^  of  the  practical  problems  of  life. 

^^th  these  types  of  men  are  essentially  modern  products  of  an 
^^lu^tiion  which  counts  not  by  centuries,  but  by  ages.    Before  the 

'^  ^^dress  delivered  at  the  Annual  Meeting  1911,  of  The  American  Society 
^^^CHANicAL  Engineers.  • 
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first  Cain  of  the  stone  age  could  appropriate  the  fruits  of  his  broti 
Abel's  labor  there  was  a  mechanic  who  fashioned  his  stone  axe 
patiently  as  he  had  lashed  the  pole  to  the  curved  branch  with  whS^;^ 
Abel  ploughed.     The  lame  blacksmith  who  hammered  out  t^mhe 
greaves  of  Achilles  and  chiseled  a  whole  panorama  of  barbaiow 
deeds  on  his  bossy  shield,  stood  in  such  high  repute  among  the  w^a^ 
like  Greeks  that  they  voted  him  a  place  among  that  rather  d]8repu^ 
able  coterie  which  ruled  the  small  world  of  the  day  from  Mouat 
Olympus.    Some  centuries  later  there  were  a  Democritus,  a  Bion  and 
a  Euclid,  who  developed  geometry.    But  the  climisy  method  of 
numerical  notation  and  the  absence  of  algebra  made  the  applicatioo 
to  practical  problems  almost  impossible.    And  the  unfortunate  habit 
of  the  noblest  minds  among  the  ancients  to  lay  more  weight  on 
methods  of  reasoning  and  theoretical  speculations  than  on  the  facts 
on  which  these  should  be  based,  retarded  the  union  of  science  aod 
practice.    Even  the  inventive  genius  of  Archimedes  was  hamp^ 
by  these  unfavorable  conditions.  _  .^ 

Those  great  road  and  bridge  builders,  the  Romans,  produced 
military  engineers,  but  theirs  were  mainly  static  problems;  and  even 
their  much  vaunted  aqueducts  show  lack  of  cooperation  between 
science  and  practice.    They  were  carried  over  vaUe3rB  on  co^ 
structures  inviting  diversion  or  destruction  at  the  hands  of  the 
enemy.    With  their  excellent  cement  and  their  kno\idedge  that  watei 
always  seeks  its  level,  their  engineers  might  have  built  subterraneaB 
conduits. 

The  great  engineer  of  the  Renaissance,  Leonardo  da  Vinci,  viri^h 
prophetic  prescience  conceived  in  the  sixteenth  century  proje^^ 
which  the  nineteenth  and  twentieth  were  to  carry  out  in  the  lights  ^' 
scientific  facts  entirely  unsuspected  in  his  day. 

The  seventeenth  and  eighteenth  centuries  were  engulfed  by  W^*^ 
predatory  and  d3rnastic,  and  even  the  fierce  upheaval  of  the  Fre»^" 
Revolution  and  the  drastic  destruction  of  feudalism  by  Napol^^** 
left  alive  modes  of  thought  based  on  an  exaggerated  reverence  ^^' 
the  philosophy  of  Greece  and  Rome. 

Early  in  the  nineteenth  century  the  scientific  method  came  ix»^ 
vogue,  and  henceforth  problems  were  studied  and  defined  bef ^^ 
their  solution  was  attempted,  and  more  intellectual  labor  ezpen<l^ 
in  ascertaining  facts  than  on  reasoning  about  them.    Thus  the  ucu^^ 
between  the  mechanic  and  artificer  and  the  student  of  nature  * 
oternal  laws  became  possible  and  permanent,  and  engineering  ^^ 
veloped  froln  an  art  into  a  profession. 
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'^e  men  who  spanned  the  Hellespont  for  the  hosts  of  Xerxes, 
^!ho8e  who  dug  the  irrigation  canals  which  made  Mesopotamia  the 
granary  of  the  ancient  world,  those  who  designed  and  built  the 
cnpiies  with  which  Alexander  battered  the  walls  of  Persian  strong- 
lK)lds,  those  who  cumulated  the  puny  muscular  force  of  thousands  of 
Bsyptian  slaves  for  the  herculean  task  of  ^sing  the  pyramids,  all 
these  men  were  giants  in  their  day;  but  now  their  very  names  are 
forgotten.  The  literature  of  that  day  and  for  long  afterward  was 
eoncemed  mainly  with  kings  and  conquerors.  Jurisprudence  and 
medicine  shared  in  some  slight  d^pree  the  attention  and  prestige 
wiiich  were  almost  wholly  absorbed  by  war,  and  can  hence  trace 
their  history  back  to  the  ancient  world.  Democritus  was  one  of  the 
few  ancients  with  scientific  bias;  knowing  his  surroundings  we  can 
understand  why  he  became  the  'Uaiighing  philosopher. '' 

Engineering  is  the  profession  of  the  present,  and  will  dominate  the 
future. 

Laws  have  been  made  by  men  ever  since  the  family  expanded  into 
the  clan  or  tribe.  They  naturally  reflect  the  ethical  standard  of  the 
average  mind  of  the  period.  Far  in  advance  of  them  are  the  precepts 
Iftid  down  by  those  who  founded  the  great  religions  of  the  world 
^d  as  we  reverently  discover  and  apply  natural  laws,  we  find  new 
'^^ons  and  supports  for  these  fundamental  ethical  conceptions. 

The  engineer  then  is  a  devout  believer  in  natural  laws.    He  knows 

^'^at  they  are  immutable  and  permit  no  exceptions.    He  needs  no 

^^preme  Court  to  define  them  as  reasonable.    They  are  the  very 

'*^Uiidation  of  the  universe,  and  reason  itself  owes  its  existence  to 

^*^eai.    Every  infraction  of  them  brings  its  own  punishment.    The 

5*^owledge  that  every  mistake  or  neglect  inevitably  results  in  failure 

{^  iugrained  in  the  very  fiber  of  his  being.    The  vile  doctrine  evolved 

^  the  dark  ages,  "the  king  can  do  no  wrong,"  which  still  causes 

^^^^^^asional  lapses  of  justice,  has  no  meaning  for  the  engineer.    To 

^U  the  truth  is  not  merely  laudable  and  salutary,  it  is  essential  and 

^^cessary.    To  lie  is  not  only  wicked,  it  is  ineffectual,  absurd  and 

^^culous. 

Tq  men  thus  trained,  the  future  of  the  race  is  to  be  confided.  They 

**^  not  to  be  merely  learned  men;  they  must  possess  knowledge. 

*^ose  fundamental  sciences  which  observe  and  explain  the  inter- 

^^ation  of  matter  and  force,  which  weigh  the  distant  planets  and 

^easure  the  wave  lengths  of  sound  and  of  light,  must  be  the  absorb- 

^^  objects  of  their  nightly  vigils  and  their  all-satisfying  reward. 
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The  savage  hated  work,  and  even  «in  those  golden  periods,  praisec 
by  romancers  masquerading  as  historians,  labor  was  despised  as  th< 
doom  of  the  slave.    As  progress  demanded  more  and  highier  types  oi 
labor,  various  devices  were  invented  to  secure  it.    From  the  gl 
beads  and  the  brass  bangles  of  the  Hottentot  to  their  counterparts  L 
polished  stone  and  burnished  gold  in  civilized  communities,  thes^ 
devices  were  effectual;  but  the  highest  type  of  labor  has  never  beei 
purchased  by  such  crude  bribes.     The  enlightened  man  loves  hie 
work  and  finds  in  it  his  supreme  incentive. 

To  a  Copernicus  or  a  Newton,  a  Watt  or  a  Corliss,  an  Ericsson  o 
a  Fritz,  an  Eklison  or  a  Steinmetz,  the  ransom  of  a  king  would  seei 
trivial  compared  with  the  satisfaction  of  knowing  that  he  has  giver 
to  his  fellow  men  an  achievement  which  marks  a  forward  step  in  tl 
evolution  which  will  finally  make  us  a  race  of  rational  beings. 

When  the  "missing  link"  stood  erect,  walked  and  essayed  artici 
late  speech,  this  evolution  began.  The  first  man  had  crude  bi 
strong  desires,  and  was  a  strenuous  individualist.     The  predaton^^c"    / 

instinct  was  predominant,  and  the  success  of  the  family,  the  clar~ 1 

the  tribe,  and  finally  the  nation,  depended  on  the  potent  warrior  =s.  ai 

its  head.    Laws  and  customs  modified  this  predatory  individualis  ni 

in  each  community,  but  between  neighboring  communities  the  J'e 

still  held  the  rule,  that 

''He  nhall  take  who  has  the  power, 
And  he  shall  hold  who  can." 

The  right  of  the  mailed  fist  is  still  occasionally  invoked  by  gr 
nations,  even  though  the  individual  citizens  have  been  tamed  a 
domesticated. 

Commerce,  which  has  in  large  measure  wrested  the  control  of  t 
world  from  the  war  lords,  has  always  had  as  its  basic  principle  t 
rule,  "Buy  as  cheap  as  you  can,  sell  as  dear  as  you  can.'' 

This  has  worked  fairly  well  when  cargoes  of  grain,  wool,  cotto^ 
hemp,  etc.,  were  concerned.    But  where  this  principle  was  ruthlesss-  ^^_^ 
applied  to  the  great  producing  industries  of  the  world,  where  t 
comfort  of  the  worker,  the  maintenance  of  his  family,  the  very 
ence  of  his  helpless  children  were  in  jeopardy,  it  has  caused  hav 
bred  discontent  and  fomented  revolution.    No  one  who  has  work 
among  the  contented,  intelligent  mechanics  of  a  half  century 
can  view  without  distress  and  indignation  conditions  as  they 
today.     Lal)or  unionism  is  a  protest,  dangerously  near  a  rebellic^ 
but  not  a  cure. 
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"X^hen  the  commanders  of  the  industrial  soldiery  wrought  in  their 

,  understood  their  problems,  solved  their  perplexities,  aroused 

shared  their  enthusiasm  for  the  quality  of  the  product  there 

^^  up  an  esprit  de  corps  which  is  now  sadly  missing. 

"X^ithout  faith  in  the  excellence  of  the  goods  produced,  without 

husiasm  in  the  work  and  in  the  leaders,  productive  labor  becomes 

Te  drudgery.     The  remedy  lies  in  placing  engineers  in  all  the 

ponsible  positions  in  these  great  industries.    Their  special  training 

them  for  leadership  in  this  host;  and  leadership  by  him  who  knows, 

^  who  sinks  himself  in  his  work,  always  has  and  always  will  com- 

d  that  joyous  and  fervent  support  from  his  followers  which 

^^ney  cannot  buy. 

"Where   nepotism  is  banished,  and  ability  and  perseverance  are 

^^Jognized,  there  great  success  is  attained.     Napoleon's  army,  the 

^^imegie  Steel  Works,  the  Pennsylvania  K^iilroad,  exemplify  this. 

iie  increasing  multitudes  of  special  industries  are  literally  Innigering 

T  engineers  equipped  with  character,  knowledge  and  devotion,  to 

^^scome  the  expert  leaders. 

Labor  wars  will  cease  when  such  men  are  given  the  power  to  pro- 
5de  that  the  share  in  the  rewards  of  industry  shall  bear  just  ratio 
^^D  the  service  rendered  the  community.  There  is  a  sane  middle 
'^I'ound  between-  grasping  individualism  and  Utopian  socialism. 

The  forces  and  materials  we  employ  in  our  manufactures  have 
^^ng  been  and  still  are  the  subjects  of  most  careful  anjilysis  and  ex- 
t^erimentation,  to  find  their  precise  load  capacity  and  endurance. 
^?he  study  of  the  living  force  and  of  that  highest  and  most  costly 
^^atcrial  inherent  in  the  workman  has  but  recently  begun.  But 
Already  several  promising  theories  are  undergoing  exhaustive  tests 
^^n  a  large  scale.  Psychological  study  prescribes  a  humane  basis  for 
%^hem  all  as  the  condition  of  success. 

The  unrest  in  the  modern  world  has  its  basis  in  an  underlying 
^ense  of  injustice.    The  growing  sense  of  community  of  interest,  the 
laiowledge  of  our  dependence  on  each  other,  the  ever-expanding 
tiumanitarianism,  are  all  founded  on  scientific  facts,  and  are  becom- 
ing wwld  movements.     They  fervently  and  emphatically  answer 
Gain's  question:  "Thou  art  thy  brother's  keeper." 

The  engineer  is  responsible  for  the  vast  increase  in  appliances  to 
meet  every  demand  of  that  most  voracious  of  living  beings,  man. 
The  mass  of  mankind  needs  to  be  educated  to  understand  and  use 
them  properly.  He  is  in  honor  bound  to  supply  this  education;  and 
as  the  crude  dangers  and  fears  of  the  earlier  centuries  vanished,  so 
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the  prejudices  and  superstitions  of  the  Dark  Ages  must  be 
away. 

If  our  futiu-e  professional  brethren  do  their  duty,  and  wc 
they  will,  the  golden  rule  will  be  put  in  practice  through  tfa 
rule  of  the  engineer. 
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A  NEW  ASTRONOMICAL  OBSERVATORY 

Bt  James  Hartnebb,  Springfield,  Vt. 

Member  of  the  Society 

t  of  this  paper  cannot  be  properly  considered  without  acknowl- 
idebtedness  to  at  least  three  of  our  members,  each  one  preeminent 
ore  branches  of  astronomical  science.  Notwithstanding  their 
'  of  interests,  these  men  have  found  time  to  write  long  letters  of 
riticism  in  response  to  questions  or  on  submission  of  drawings 
le  various  steps  in  the  evolution  of  the  present  scheme.  Years 
it  thought  he  was  especially  favored  in  this  respect,  but  later 
laa  proved  that  the  same  earnest,  personal  consideration  is  given 
It  was  from  these  men  that  the  microbe  of  work  in  the  astro- 
was  taken,  and  it  is  a  pleasure  to  acknowledge  indebtedness  to 
y  Member  John  A.  Brashear.  and  to  Past-Presidents  Worcester 
id  Ambrose  Swasey,  for  advice  and  criticism  of  the  optical  and 
res  of  the  various  schemes  out  of  which  this  new  observatory  has 
debtedness  is  also  acknowledged  to  James  B.  McDowell  and  other 
he  staff  of  The  John  A.  Brashear  Co.,  Ltd.,  and  to  Alvan  Clarke 
ion  for  painstaking  care  in  answering  questions  and  giving  advice 
i  optical  parts. 

observatory  grew  out  of  an  attempt  to  make  an  observa- 
;h  the  observer  could  work  in  comfort,  independent  of  the 
perature.    To  accomplish  this  end  without  serious  handi- 

vision  and  instrumental  precision   involved  a  departure 
)us  forms. 

le  purpose  of  defining  the  relation  of  the  new  observatory 
5  types  it  is  necessary  to  refer  to  diagrammatic  illustra- 

1a,  2a  and  3a.     These  sketches  are  purely  schematic 
i  true  to  important  details. 

\  for  the  purpose  of  this  paper  will  be  referred  to  as  the 
bservatory,  since  it  represents  a  type  most  highly  devel- 
ison  of  the  greater  number  of  instruments  of  this  kind 

it  the  Annual  Mcotin^  1011.  of  The  American  Society  of  Me- 
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that  have  been  made.  This  mstrument  is  not  only  the  mo6 
optically,  but  is  probably  the  most  reliable  in  point  of  m 
precision  when  compared  with  any  other  instruments  dee 
covering  the  whole  heavens  and  for  general  purposes.  It  1 
ever,  the  one  serious  handicap  of  requiring  within  the  b 
temperature  equal  to  that  of  the  outside  air.  It  is  for  th< 
of  overcoming  thid  handicap  that  the  instrument  to  be  desci 
designed. 

4    Fig.  1a  is  known  as  the  Loewy  Equatorial  Coud^.   -Tl 
ment  was  designed  to  shelter  the  observer  in  comfortable 


Fia.  1a    Diagrammatic  Sketch  or  thb  Loewt  Equatorial  Coude 
Object  glass,  23  la.  la  diameter  with  25:1  focal  leagth;  larcest  dlamotar  of  larffBr  i 
largest  diameter  of  mirror  at  elbow,  23  la. 


It  is  of  French  origin  and  a  number  of  these  are  in  use  in  '. 
elsewhere. 

5  Fig.  3a  is  a  schematic  sketch  of  the  new  instrument ' 
propose  to  designate  as  the  Turret  Equatorial. 

6  All  of  these  instruments  are  refractors,  using  an  ob 
for  collecting  the  rays  of  light  and  delivering  them  to  a  f c 
within  reach  of  the  eyepiece. 

7  In  the  standard  equatorial  the  optical  parts  consist 
the  object  glass  and  the  ocular;  for  this  reason  it  has  th 
efficiency  of  any  instrument  for  this  purpose. 
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8  Ti.c  oqr.atorial  cond4  offers  comfort  to  the  observer  at      i 
expense  of  a  more  or  less  serious  optical  loss,  for  betw^n  the  oI>ye 
glass  and  the  eyepiece  two  diagonal  plane  mirrors  are  interposes 
In  this  instrument  the  beam  of  light  comes  to  the  eye  at  about  tbe 
same  angle  as  from  a  microscope  on  a  table.    The  mirror  at  the  ob- 
ject glass,  of  course,  must  be  large  enough  to  deliver  the  full  bundle 
of  rays,  and  since  it  stands  at  an  angle  of  45  deg.,  its  migor  diameter 
must  exceed  the  diameter  of  the  object  glass  by  about  40  per  eent. 
This  is  also  true  of  the  diagonal  plane  at  the  elbow,  althooi^  tbe 
diameter  of  the  cone  6f  rays  is  about  0.6  the  diameter  of  the  oiqeet 
glass.    Notwithstanding  this  handicap,  the  equatorial  ooodf  hu 
doubtless  been  considered  the  best  instrument  which  could  be  iwd 
by  an  observer  comfortably  housed. 

9  There  is  another  instrument,  not  shown  in  the  aketchei,  lone- 
what  similar  to  the  equatorial  coud6.  It  is  jointed  at  the  bend  in 
the  elbow,  and  avoids  the  necessity  of  the  large  mirror  at  the  objec- 
tive. It  has  not  been  included  in  this  description  because  it  does 
not  cover  the  whole  heavens.  Its  building  obscures  the  circumpoUr 
stars  and  that  part  of  the  heavens  north  of  the  building. 

10  ^lention  should  also  be  made  of  the  Tower  telescope  at  Mount 
Wilson,  Cal,  designed  for  solar  work.  In  this  the  beam  of  light 
is  delivered  downward  by  means  of  two  reflectors  through  the 
ol)ject  glass  also  located  at  the  top  of  the  tower.  Reference  mi^t 
also  be  made  to  the  various  horizontal  telescopes  that  have  bca 
used.  But  these  instruments  have  thus  far  been  used  for  only  a 
limited  part  of  tlie  range  covered  by  the  standard  equatorial. 

11  In  addition  to  the  standard  equatorial  and  equatorial  coutM, 
both  of  which  should  be  classed  as  refractors,  special  meation  should 
be  made  of  the  ( 'onunons  reflector  as  it  is  now  moimted  at  HarW 
University.  This  instrument  delivers  the  beam  of  light  to  the  ob- 
server, who  may  })e  seated  at  a  desk,  just  as  in  the  equatorial  tffiH 
observatory'.  It  is,  however,  a  reflector,  and  should  perhiqMbekvt 
in  a  class  by  itself.  It  also  uses  two  auxiliary  mirrors  to  ddi?Bri»to 
the  eyepiece,  and  furthermore,  like  the  jointed  equatorial  coodf,  ib 
working  range  is  limited  by  the  obscuring  of  part  of  the  heavewby 
its  own  structure. 

12  In  all  of  the  instruments  designed  for  the  comfort  of  the  ob- 
server it  has  bo(»n  necessary  to  introduce  one  or  more  reflectoM,'*W 
barring  the  Coiiinioiis  rofleclor  at  Harvard  and  the  jointed equrtor» 
eoude.  thesr  auxiliary  rcfh^ctors  have  been  located  near  the  objective 

18     In  the  present  instrument  the  direction  of  the  beam  of  ft 
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is  changed,  but  instead  of  using  &  large  mirror  aear  the  objective^  i 
prism  is  used  nearer  the  eyepiece.  The  area  of  the  bundle  of  the  eoot 
of  raj's  at  the  prisms  is  approximately  ^  of  the  area  of  the  object 
glass.  By  avoiding  the  use  of  large  mirrors  there  is,  in  addition  to 
the  optical  gain,  an  improvement  in  the  instrument  as  a  maduot 
by  the  elimination  of  all  of  the  mechanical  difficulties  involved  in 
mounting  and  controlling  the  shape  and  position  of  these  large  mimn. 
14  The  means  employed  to  shelter  the  observer  and  provide  Wt- 
able  mounting  and  control  for  this  telescope  may  be  briefly  desciibed 


3.  G      TORBBTEqniT 


as  a  building  having  a  turret-like  dome,  this  dome  being  mountetL 
to  rotate  on  an  axis  parallel  to  the  axis  of  the  earth. 

15  In  approaching  this  problem  it  is  pertiaps  well  to  assume 
that  the  distances  between  the  instrument  and  the  celestial  objecLc 
are  so  great  as  to  be  practically  infinite;  hence,  in  saying  (hk.'t 
the  turret  is  mounted  on  an  axis  parallel  to  the  earth's  asds,  it  will  t>« 
just  as  woU  for  our  present  purpose  to  consider  it  located  at  the  asi* 
of  the  earth.  Furthermore,  in  considering  the  joint  between  tt»« 
telescope  anti  the  turret,  it  will  be  more  readily  understood  if  we  re- 
gard the  pivotal  connection  of  the  telescope  tube  to  the  doiiie»s 
located  directly  in  the  middle  of  the  turret  instead  of  at  one  ade. 
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16  Regarding  the  mechanical  precision  of  the  present  instrument, 
it  is  very  natm^l  for  us  to  question  the  reliability  of  a  turret  in  serving 
the  place  of  an  arbor  for  the  main  polar  axis.  This  axis  not  only 
provides  a  control  of  the  motion  of  the  telescope  as  it  follows  a  star  in 
offsetting  the  earth's  motion,  but  it  also  must  combine  with  it  some 
means  by  which  the  exact  hour  position  or  right  ascension  of  the 
object  may  be  known.  These  two  things  make  it  necessary  to 
provide  the  turret  with  a  perfectly  planed  surface  on  its  imder  side 
and  a  truly  circular  track.  It  also  requires  in  the  building  a  stable 
mounting  for  rolls  on  which  the  turret  rests. 

17  There  are  two  sets  of  rolls.  One  set  on  which  the  flat  face  of 
the  turret  rests  must  keep  the  axis  of  the  turret  parallel  with  the  axis 
of  the  earth;  the  circular  part  of  the  turret  bears  on  the  other  set  of 
rolls.  Hie  office  of  the  second  set  is  to  hold  the  axb  of  the  turret  in 
a  fixed  position  relative  to  the  building  to  facilitate  convenience  in 
meagurament  of  the  angular  position  of  the  telescope  as  to  hour 
poiitiai  or  right  ascension. 

18  If  we  can  assure  ourselves  of  the  reliability  of  the  turret  as 
aiJMHiia  of  axial  control  and  a  means  for  measuring  the  angular  posi- 
tion tf.  the  tube  around  this  axis,  the  author  thinks  we  should  be 
ni^to  aocept  the  present  scheme  on  account  of  its  making  possible 
tha  jNmforteble  housing  of  the  observer. 

1^  In  meehanism  for  obtaining  the  greatest  precision  of  axial 
<i<nt0ol  of  a  rotating  object,  machine  designers  invariably  prefer  an 
^^ihor  of  relatively  small  diameter  mounted  in  two  bearings,  with  the 
dvtaoee  between  the  bearings  of  at  least  half  a  dozen  diameters. 
SosaB  diameters  are  preferable,  too,  because  they  give  the  most 
'^liaUe  center  control  around  which  to  measure  angular  position. 

20  In  the  present  case  as  in  nearly  every  problem  of  machine 
"^gn,  there  are,  however,  other  elements  to  be  considered.  The 
^  solution  is  to  determine  what  compromises  to  make.  Even  the 
^ost  ideal  mounting  of  the  standard  telescope,  such  as  exemplified 
^  the  great  Yerkes  refractor,  an  instrument  which  undoubtedly  meas- 
^  the  highest  attainment  along  these  lines,  seems  handicapped 
^y  a  delicacy  of  poise  which  is  not  the  most  favorable  for  stability 
^f  control. 

21  It  is  entirely  beyond  and  outside  the  object  of  this  paper  to 
discuss  these  various  instruments,  but  it  seems  necessary,  in  order 
^  set  forth  the  object  of  the  present  instrument,  to  call  attention  to 
Uiose  that  have  preceded  it,  and  in  doing  so  to  set  forth  the  apparent 
^vantages  and  disadvantages  as  they  appear  to  a  novice,  giving  a 
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view  which,  while  it  may  not  be  correct,  has  at  least  the  advantL  ^^ 
of  being  a  fresh  one. 

22  The  refracting  telescope  having  standard  equatorial  mount! 
is  not  only  the  best,  optically  considered,  but  it  is  undoubtedly  su] 
rior  to  all  others  when  made  in  the  smaller  sizes  and  for  use  incomfo 
able  temperature.  The  mechanical  difficulties,  however, 
very  fast  with  the  size  of  the  telescope,  and  there  are,  of  course,  nii  ^  uij 
latitudes  and  altitudes  at  which  these  instruments  are  used  wh»  .^ere 
the  observer  must  be  exposed  to  very  cold  weather. 

23  The  mechanical  handicaps  of  the  larger  telescopes  are  due  ^^5  to 
the  overhanging  tube  and  counterweights.  Not  even  the  highest  ex(^i»  -cel- 
lence  in  workmanship  in  making  these  machines  nor  the  skill  in  tl — ^Their 
use  seems  to  offset  this  instability.  To  the  layman,  at  least,  it  wo^  <^cDuld 
appear  that  a  breath  of  air  or  a  change  of  adjustment  would  be  sit  aiiffi- 
cient  to  cause  a  quiver. 

24  Referring  now  to  the  use  of  large  mirrors,  such  as  are  usefz:^^  in 
the  equatorial  coud^  and  others,  we  have  already  mentioned  the  m:       me- 
chanical difficulties  encountered  in  controlling  the  position  of  ttizXT  hese 
mirrors  without  distortion.    In  the  tower  telescopes  for  solar  vr^^^vork 
exceedingly  thick  mirrors  have  been  used,  and  in  the  other  t^i^^tele- 
scopes  devices  have  been  employed  by  which  the  mirrors  L^diave 
been  equally  supported  by  many  contact  points;  but  notwithstanc      ding 
this,  no  scheme  seems  fully  to  prevent  the  bending  of  the  mirror  -       azi(/ 
distortion  of  the  image.    The  problem  is  especially  difficult  hec^^^Use 
these  mirrors  must  be  held  in  so  many  different  positions.    It  wc^^^z/r/ 
be  a  comparatively  simple  matter  if  there  were  no  change  of  p-^^/. 
tion.     Furthermore,  there  is  a  temperature    disturbance  whiclm    k 
greater  in  a  mirror  than  in  a  refractor.    For  this  reason  it  is  necessaO' 
to  maintain  an  even  temperature  through  the  mirror. 

25  In  addition  to  the  distortion  of  the  image  by  lack  of  mechanica/ 
control  of  the  mirror,  there  is  the  serious  objection  of  absorption  by 
even  the  most  perfect  reflectors.  This  absorption  reduces  the  total 
light  that  reaches  the  eyepiece,  and  since  the  object  in  using  telescopes 
of  larger  light-gathering  power  is  to  get  more  light,  the  use  of  a  mirror 
is  equivalent  to  a  reduction  of  the  diameter  of  the  objective. 

26  Furthermore,  this  cannot  be  offset  by  mere  increase  in  size, 
for  the  loss  in  definition  due  to  atmospheric  disturbance  increases 
with  the  diameter  of  the  telescope,  resulting  in  a  net  loss  in  definition. 
Therefore  the  price  paid  for  comfort  is  not  only  the  amount  which 
must  be  expended  for  the  large  object  glasses  and  still  larger  reflec- 
tors to  go  with  them,  hut  also  an  actual  loss  in  definition.     This  loss 
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m,  of  course,  is  greatest  in  the  low  altitudes  and  least  in 
d  air  of  the  best  mountain  top  observatory  sites, 
ill  equatorial  telescopes  provision  must  be  made  for  chang- 
jular  direction  of  the  telescope  to  and  from  the  pole;  in  other 
th  and  south.  The  axis  on  which  the  telescope  turns  for 
on  of  declination  must  stand,  of  course,  at  right  angles 
ar  axis. 

/he  standard  equatorial  the  arbor  which  furnishes  the  polar 
)vided  with  an  opening  transverse  to  it,  which  serves  as 
for  the  arbor  that  is  affixed  to  the  side  of  the  telescope 
it  is  on  the  precision  of  this  axis  that  the  instrument 
or  its  true  position  in  declination.  It  is  imdoubtedly 
3  attachment  of  this  secondary  axis  to  the  primary  axis 
itandard  equatorial  has  the  appearance  of  instability.  It 
3r,  nicely  counterbalanced,  and  the  great  precision  of 
due  to  the  excellence  of  workmanship  and  manipulation 
digh  order.  Nevertheless,  it  would  seem  desirable  to  pro- 
suitable  control  for  the  tube  itself  on  this  as  well  as  on  the 
ds. 
;he  new  instrument  the  telescope  is  not  pivoted  at  the  mid- 

a  point  near  the  focus,  and  it  is  at  this  point  that  the  prism 
jed  and  the  rays  are  delivered  into  the  turret  through  the 
3lination  axis. 

)  scheme  of  counterweight  resembles  in  some  respects  the 
led  well  sweep.  This  counterweight  is  fulcrumed  at  the 
ide  of  the  turret  and  reaches  over  to  a  point  near  the  head 
scope,  supporting  it  without  adding  the  weight  to  the  tel- 
id,  thus  relieving  a  part  of  the  weight  of  the  declination 
Iso  all  torsional  strain. 

s  well  sweep  acts  also  as  a  brace  in  one  direction.  Its 
ges  from  that  of  a  counterweight  to  one  wholly  of  a  brace, 
ce,  when  the  turret  has  been  turned  so  that  the  declination 
the  lowest  part,  and  the  tube  has  been  pointed  directly  to 
then  the  counterweight  is  inoperative  as  a  counterweight 
be,  but  the  arm  becomes  a  brace.  Therefore  this  scheme 
om  one  that  is  wholly  a  counterpoise  to  one  that  holds  the 
in  position  by  a  diagonal  brace,  and,  of  course,  there  are 
in  which  there  is  an  equal  service  of  each  in  the  change 

extreme  to  the  other.  The  brace  always  operates  to 
»  instrument  against  the  action  of  the  wind  in  certain 
and  the  exact  form  may  be  varied  to  get  the  best  results. 
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The  one   shown   in   the  illustrations   was  made  to  use  availal 
material. 

32  The  means  for  controlling  the  declination  position  of  the  te  -ssle- 
scope  is  a  wormwheel  in  which  two  worms  engage.  All  of  this  is 
clearly  shown  in  the  drawings  Figs.  17  to  20. 

33  It  will  be  seen,  then,  that  the  observer  sits  inside  the  dome  ^ — -.t^H 
receives  the  light  coming  from  any  celestial  object  above  the  horiz<=2Dn, 
and  although  it  is  necessary  for  him  to  chai^  the  position  of 


chair  about  1  ft.  east  and  west  and  3  or  4  in.  vertically,  such  a  chaiErrrnge 
does  not  constitute  any  serious  inconvenience. 

34  The  beam  of  light  comes  into  the  observatory  in  a  hori2on_=atai 
position  when  the  telescope  is  pointed  along  the  meridian,  an< 
changes  from  the  horizontal  position  to  one  in  which  the  obsei 
looks  down  towards  the  north  at  an  angle  of  about  45  d^.  at 
latitude.  The  control  of  the  dome,  both  for  its  quick  motion 
changing  from  one  position  to  another,  and  also  for  providing  m< 
ment  to  offset  the  rotation  of  the  earth,  is  all  effected  by  levers  wil 
convenient  reach  of  the  observer. 

35  The  rotation  of  the  dome,  instead  of  being  effected  by  a  woi 
wheel  or  gearing  directly  connected  to  the  dome,  is  through  the  mc — =ad8 

used  for  driving  four  of  the  supporting  rolls.    These  rolls  take  b< =?ar- 

ing  on  the  circular  track.    They  are  hardened  and  ground  to        the 
proper  diameter  to  get  the  desired  relation  of  speeds.    All  of  the  ot^-ier 
rolls  are  merely  idlers  for  maintaining  the  fixity  of  axis  of  dome,  ^suid 
all  rolls  are  mounted  in  ball  bearings  to  reduce  the  total  po^^^r 
required  in  turning  the  dome.    Ball  bearings  keep  the  resistance  urore 
nearly  uniform  than  could  be  maintained  with  plain  bearings. 

36  The  motor  which  furnishes  the  power  was  originally  located 
within  the  building,  but  on  account  of  its  noise  it  was  placed  in  a 
separate  box  outside  of  the  building. 

37  As  shown  in  Fig.  G  this  observatory  is  located  a  short  dis- 
tance from  the  observer's  residence.  It  is  connected  by  an  unde^ 
ground  passageway  which  not  only  serves  as  a  shelter  in  going  to  and 
from  the  observatory,  but  also  as  a  means  for  carrying  telephone  and 
electric  wires,  hot  and  cold  water,  and  the  hot  water  for  heating. 

38  It  is  located  on  the  brow  of  a  terrace  on  which  the  residence 
stands,  at  a  level  a  trifle  lower,  so  that  the  tunnel  rises  in  going  from 
the  lower  room  in  the  observatory  to  the  basement  of  the  residence, 
about  9  ft.  in  the  240  ft.  of  length.  This  difference  in  level  serves 
as  an  aid  in  ventilation,  although  it  makes  necessary  the  use  of  a 
small  centrifugal  pump  to  induce  the  hot  water  to  circulate  in  the 
observatory. 
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3d  The  location  of  the  observatory  on  the  brow  of  a  hill  or  ter- 
race, makes  it  possible  to  get  a  fresh  air  inlet  from  the  lower  part  of 
the  lower  room  by  rmming  an  air  duct  out  through  the  side  of  the 
bank  to  the  open  air.  In  cold  weather  the  air  rushes  through  this 
air  duct  into  the  observatory,  through  the  ventilators  in  the  top 
of  the  door  into  the  tunnel,  and  thence  out  of  the  tunnel  either  to  the 
open  air  at  the  head  of  the  timnel  where  it  joins  the  residence,  or 
throu^  the  house.  In  smnmer,  when  it  is  hot  outside,  the  current  of 
air  flows  in  the  opposite  direction.  At  such  a  time  the  door  to  the 
radence  at  the  head  of  the  tunnel  is  kept  closed  and  another  door  is 
q)ened  to  the  outside  air.  This  takes  the  fresh  air  from  the  outside, 
which  travels  down  through  the  tunnel  by  gravity,  giving  up  some 
of  its  heat  to  the  tunnel  walls  and  reaching  the  lower  room  of  the 
observatory  at  a  fairly  comfortable  temperature.  Then,  by  the  aid 
of  a  small  portable  fan  this  air  from  the  lower  part  of  the  lower  room 
of  the  observatory  is  blown  through  an  air  duct  into  the  dome. 

40  In  this  connection,  perhaps,  it  would  be  well  to  state  that  the 
dome  is  lagged  with  wood  on  the  inside  and  the  windows  are  all 
double,  that  is,  there  is  one  set  of  windows  in  the  wooden  lagging  on 
the  inside,  and  another  in  the  metal  dome  outside.  This  air  space 
is  desirable  in  winter  as  well  as  in  summer. 

41  Regarding  the  form  of  the  building,  this  may  be  almost  any- 
thing, from  a  large  spherical  dome  to  one  having  a  hip  roof.  The  one 
feature  essential  to  this  scheme  is  the  proper  neck  for  supporting  the 
turret.  This  neck  should  be  substantially  the  same  as  that  shown  in 
^e  present  iUustrations.  The  author  selected  the  present  form,  partly 
^  make  it  the  least  conspicuous  from  his  residence,  and  was  perhaps 
^uenced  by  the  earlier  form  of  the  scheme  in  which  it  was  intended 
^  use  a  reflector  instead  of  a  refractor. 

42  Closely  connected  with  this  subject  is,  of  course,  the  cost; 

^d  this  must  be  based  on  the  way  such  things  are  produced.     If 

^ore  instruments  of  this  kind  are  to  be  made  at  different  times  and 

^  various  places,  there  is  no  hope  of  getting  them  produced  at  a  low 

figure.    There  seems  to  be  only  one  way  of  insuring  the  success  of 

^  instrument  of  this  kind      Every  machine  builder  knows  it,  and 

yet  the  mere  mention  seems  to  establish  an  antagonistic  attitude  at 

«ice  in  the  mind  of  the  average  man. 

43  It  has  not  been  considered  ethical  to  take  out  patents  on  scien- 
tific instruments,  and  although  the  writer  has  not  the  courage  of  a 
Conner  to  wage  battle  against  this  sentiment,  yet  when  it  is  such 
^^^*^on  knowledge  that  machinery  cannot  be  successfully  and  eco- 
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nomically  built  without  the  concentration  of  the  energies  of  a  numl>* 
of  men  for  a  given  purpose,  and  since  this  cannot  be  accomplish 
without  patent  protection,  it  has  been  thought  best  to  apply  f 
patents  on  the  new  features  of  the  present  instrument.    Altho 
this  will  be  done  without  dedicating  it  outright  to  the  publiCy  it 
needless  to  say  that  no  barrier  will  be  allowed  to  prevent  these  i 
struments  being  built  by  any  one  until  some  business  arrangement 
made  for  the  exclusive  manufacture  of  some  one  size  by  some  build 
and  even  then,  others  may  be  permitted  to  build  other  sizes;  but  ^^.U 
such  permission  will  be  given  only  by  letter  and  not  in  a  broade^^.^^ 
way  that  would  in  any  way  handicap  the  main  purpose  of  maki^xx^ 
these  machines  available  at  a  low  cost  to  anyone  who  may  dea^ire 
them.    It  goes  without  saying  that  with  patents  there  is  always  ^he 
thought  of  the  exclusive  right  and  profit  of  the  patentee  and  ma:xrB.vi- 
facturer,  but  regarding  this  point  it  is  well-known  that  the  low  (2o»st 
of  such  things,  as  well  as  the  best  workmanship  and  results,  caim.     L>c 
obtained  only  by  concentrating  all  of  the  work  in  one  plant. 

44  The  writer  does  not  contemplate  manufacturing  these  instru- 
ments. More  may  be  built  experimentally,  but  not  for  the  market. 
If  others  wish  to  build  instruments  of  this  kind,  permission  will  dou:il>t- 
less  be  freely  given,  but  with  certain  restrictions;  but  all  this  mus^  t^ 
arranged  in  each  case  by  correspondence. 

45  If  patent  is  granted  no  charge  of  any  kind  will  be  made  f  ^^ 
license  to  build  until  some  arrangement  has  been  made  for  manuf  ^^" 
ture  on  an  efficient  scale,  and  then  only  such  restrictions  as  in  "t'^® 
opinion  of  the  patentee  will  be  for  the  best  interests  of  the  sciei^^^- 

46  In  closing,  the  writer  begs  to  call  attention  to  the  fact  that  t-'^^ 
great  advancement  in  the  world's  knowledge,  due  to  the  work  of  ^^'^^ 
astronomers,  has  been  carried  on  by  the  men  who  have  braved    ^'^^ 
mosquitoes  in  summer  and  observed  long  hours  in  the  most  unfavor- 
able temperatures.    These  men  have  been  recruited  from  those  yv^^^ 
have  taken  up  the  work  as  an  avocation  and  for  every  man    ^^ 
this  number  there  have  undoubtedly  been  ten  or  a  hundred  who  have 
grown  faint-hearted  at  the  mere  thought  of  the  exposure  incident 
to  observing  and  at  the  high  cost  of  the  large  instruments.    Wit^ 
means  of  this  kind  made  generally  available  it  is  thought  that  tber^ 
will  be  more  men  in  this  work,  and  that  from  the  greater  nunib^'" 
perhaps  even  greater  work  may  be  aeeomiDlished  in  the  future. 
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DATA  REGARDING  THE  TURRET  EQUATORIAL 

Object  glaas,  10  in.  in  diameter,  and  150  in.  in  focal  length, 
londe  dimensionB  of  building,  6  ft.  by  18  ft. 
Oatdde  diameter  of  dome,  7  ft.,  4  in. 
Weight  of  dome  casting,  about  li  tons. 

Total  weight  of  dome,  with  counterweight,  tube,  etc.,  about  2  tons. 

Weight  of  ring-casting  on  which  the  dome  is  mounted,  1)  tons. 

The  optical  parts  were  furnished  by  The  John  A.  Brashear  Co.,  Ltd.  All  of 
the  other  work  was  home-made,  except  the  two  large  castings  which  were 
east  and  turned  in  Fitchburg,  Mass. 

The  hour  circle  consists  of  a  flat  ring  having  approximate  dimensions  of  52  in. 
outside,  48  in.  inside,  and  }  in.  thickness. 

Hie  inner  diameter  is  graduated  down  to  divisions  of  1  minute.  These 
divisions  are  about  0.1  in.  apart.  Vernier  edges  were  provided  for  division 
of  the  minutes  into  seconds,  but  thus  far  a  crude  substitute  has  been  used 
in  preference.  It  consists  of  a  rotating  dial  driven  by  gearing  which  also 
turns  the  dome.  Its  connection  is  such  that  the  dial  makes  1  r.p.m.  With 
the  60  graduations  on  dial,  the  division  of  time  into  seconds  is  very  read- 
able. 

A  use  the  hour  circle  may  be  set  to  the  even  minute  of  position,  leaving  the 
plus  or  minus  of  secoYids  to  be  allowed  for  at  the  zenith  point  by  the  time 
piece. 

'l&e  declination  wormwheel  is  24  in.  in  diameter,  and  is  provided  with  two 
worms  located  on  opposite  sides.  These  are  rotatively  connected  by  means 
of  a  cross  shaft  and  spiral  gears. 

n  order  to  prevent  conflict  of  action  an  eccentric  bearing  is  provided  for 
accurately  gaging  the  depth  of  engagement  of  each  worm.  A  separate 
means  for  turning  each  a  very  slight  amount  is  also  provided. 

Graduations  for  minutes  of  degrees  are  carried  by  hubs  on  worm  shafts. 

K^he  proximity  of  the  two  eyepieces  led  to  the  disuse  of  the  finder,  but  if  it  is 
needed  in  future  work,  there  are  a  variety  of  schemes  for  overcoming  this 
difficulty. 

^^tention  should  be  called  to  the  rigidity  of  the  eyepiece  and  the  opportunity 
afforded  for  attaching  photographic  and  spectroscopic  apparatus.  This 
feature  is  to  be  found  in  other  telescopes  designed  for  comfort,  but  as  this 
instrument  seems  to  partake  more  of  the  good  seeing  qualities  of  the  stand- 
ard telescope,  it  does  not  seem  out  of  place  to  call  attention  to  this  advan- 
tage it  has  over  the  standard  in  which  the  delicacy  of  the  poise  is  disturbed 
by  added  weight  and  adjustment  of  counterbalances. 
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DISCUSSION 

Worcester  R.  Warner.  It  is  an  interesting  fact  that  some  twem.  ^fc^ 
years  ago  the  author  of  this  paper,  having  given  his  attention  to  t>  ^S=^e 
study  of  the  turret  lathe  after  its  known  virtues  had  been  threslfe.  ^^<i 
out  by  many  eminent  engineers  for  a  generation,  designed  and  dev^^^l- 
oped  the  machine  on  new  lines  which  proved  so  successful  that  af"^b'^r 
he  had  made  his  fortune  and  his  patents  had  expired,  several  leadi 
manufacturers  in  this  country  and  in  Europe  copied  it. 

The  turret  principle  has  been  successfully  applied  to  our  warshi 
and  in  many  other  mechanical  devices,  but  who  would  have  gues^^^^^^ 
that  it  could  be  adapted  to  the  design  of  an  equatorial  telescope  -^'^>^ 
the  observation  and  study  of  the  heavenly  bodies? 

Mr.  Hartness  did  it,  and  his  design  is  so  imique,  so  sensible 
so  admirable,  that  I  am  reminded  of  the  Boston  gentleman  tw^ 
said,  after  reading  for  the  first  time  a  volume  of  Shakespeare's  pla 
"I  don't  believe  there  are  fifteen  men  in  Boston  who  could  have  w 
ten  that  book."    I  believe  there  are  not  fifteen  men  or  two  mei»^ 
this  Society  who  would  have  thought  out  a  method  of  applying 
turret  principle  to  the  equatorial  telescope  in  such  manner 
allow  the  astronomer  to  remain  in  his  warm  room  and  observe 
will  any  star  in  the  visible  heavens. 

An  interesting  coincidence  is  that  just  three  hundred  years  aft- 
Gallileo  pointed  his  first  telescope  to  the  heavens  Mr.  Hartae^^* 
brought  out  his  turret  equatorial  telescope  of  such  size,  and  tt^  ^ 
Brashcar  optical  parts  of  such  perfection,  that  it  will  show  staj     -^ 
that  Kepler  and  Newton  and  even  Herschel  never  saw. 

It  is  true  that  methods  have  been  previously  devised  which  allow^^ 
the  astronomer  to  work  in  a  comfortable  room,  but  in  each  case  there^' 
was  great  loss  of  light  on  account  of  the  large  reflecting  mirrors  em- 
ployed, while  in  the  Hartness  turret  telescope  the  single  total  reflect- 
ing prism  is  so  near  the  focal  plane  that  it  is  comparatively  small, 
and  therefore  the  oj^tical  features  of  the  instrument  retain  practi- 
cally the  same  high  efficiency  that  is  found  in  the  present  standard 
type  of  equatorial  teloscopo. 

5-JO 
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^  the  standard  telescope  of  this  size,  the  polar  axis  would  be  about 
^  ^^*  in  diameter,  and  2  or  3  ft.  long,  its  inclination  from  the  level 
"^^^  equal  to  the  latitude  of  the  observatory.  With  all  its  attach- 
^^lits  it  would  weigh  about  500  lb.  The  driving  clock  revolves 
this  light  and  highly  perfected  polar  axis  with  its  attachments  in 
sidereal  time. 

In  Mr.  Hartness's  design,  there  is  substituted  for  the  polar  axis 
a  easting  7  ft.  in  diameter,  weighing,  with  its  attachments,  4000  lb. 
Its  axis  of  revolution  must  be  inclined,  as  in  the  standard  telescope, 
to  equal  the  latitude  of  the  observatory.  In  this  position  it  must 
revolve  in  sidereal  time.  To  make  this  movement  as  easy  as  possible, 
it  is  provided  with  two  sets  of  rolls. 

Any  irregularity  in  the  motion  of  a  telescope  when,  by  its  driving 
clock,  it  follt)ws  the  apparent  nlotion  of  the  star,  is  magnified  pre- 
cisely as  the  image  of  the  star  itself.  The  10-in.  object  glass  made 
by  Brashear  for  this  telescope  will  admit  a  magnification  of  1000 
diameters.  It  is  fair  to  infer,  therefore,  that  Mr.  Hartness's  great- 
est diflSculty  will  be  found  in  his  endeavors  to  revolve  his  heavy  and 
necessarily  coarse  mechanism  with  suflScicnt  exactness  to  enable 
the  astronomer  to  make  satisfactory  observations,  especially  the 
measurements  of  satellites  and  double  stars.J 

In  the  standard  type  of  telescope,  the  central  section  of  the  tube 
^  attached  to  the  declination  axis,  thus  reducing  the  flexure  of  the 
tube  to  a  minimum.  By  this  means  the  flexure  is  always  constant 
at  equal  angles,  and  can  be  easily  computed  and  allowed  for. 

In  the  turret  telescope  under  consideration,  the  end  of  the  tube 
"^^g  attached  to  the  declination  axis,  the  flexure  of  the  tube,  if 
''^provided  for,  would  be  greatly  multiplied.  This  condition  is 
Diet  by  two  rods  or  braces,  obviously  eflScient  only  when  the  decli- 
^tion  axis  and  the  tube  are  in  the  position  shown  in  the  drawings. 
The  emphasis  of  the  author's  study  seems  to  have  been  given  to 
^"C  construction  of  a  large  telescope  which  in  the  coldest  weather 
^^  be  used  while  the  astronomer  is  in  a  comfortable  room.  I 
^ngratulate  him  on  having  so  successfully  solved  his  interesting 
problem. 

Ambrose  Swasey.  This  paper  is  a  valuable  contribution  to  the 
papers  which  have  been  presented  to  the  Society,  and  more  than 
^^^i  the  instrument  itself  is  a  valuable  and  practical  contribution 
w  the  instruments  used  in  connection  ^vith  the  science  of  astronomy. 

^^  years  ago  we  were  called  upon  to  provide  instruments  for  an 
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observatory  in  one  of  our  larger  cities,  and  when  the  time  came  to 
set  up  the  transit  instruments  in  the  room  where  the  temperature 
miist  necessarily  be  adjusted  as  nearly  as  possible  to  that  of  the  out- 
side, it  was  found  that  the  astronomer  had  endeavored  to  be  kind 
to  himself  and  had  provided  a  well-equipped  steam  heating  appa- 
ratiis  for  that  room.  It  is  needless  to  say  that  this  apparatus  was 
not  used. 

If  one  could  spend  a  few  minutes  with  Professor  Barnard  and 
Professor  Frost  at  the  Yerkes  Observatory  on  those  nights  when 
the  thermometer  is  down  to  more  than  30  deg.  below  zero,  and 
could  see  them  with  their  furs  on  so  that  they  look  like  Esquimaux, 
he  would  feel  there  was  some  reason  for  Mr.  Hartness  and  others 
giving  attention  to  this  question  of  providing  a  proper  way  in  which 
the  observer  could  take  a  little  comfort  while  carrying  on  his  scien- 
tific work. 

The  French,  as  indicated  in  the  paper,  have  perhaps  done  more 
than  any  other  people  in  attempting  to  solve  this  problem  in  the 
Equatorial  Coud^.  While  that  instrument  accomplishes  its  purpose 
to  a  certain  extent,  its  mirrors  have  given  any  amount  of  trouble, 
not  only  because  of  the  deflection,  but  because  it  was  impossible  to 
keep  them  in  good  condition.  In  the  large  refractory  telescope  with 
an  aperture  50  in.  in  diameter  exhibited  in  Paris  in  1900,  the  tele- 
scope tube  remained  stationary,  and  rays  from  the  heavenly  bodies 
were  reflected  through  the  object  glass  to  the  eye  end  by  means  of 
a  reflecting  mirror.  That  was  another  plan  whereby  the  astron- 
omer might  remain  in  a  comfortable  place,  and  in  a  comfortable 
position.  Its  failure  was  not  due  entirely  to  the  principle,  but  because 
it  was  so  large  it  was  not  well  carried  out.  The  instrument  was  a 
failure  from  an  optical,  but  not  from  a  mechanical  point  of  view. 

Astronomers  have  had  great  difiiculty  owing  to  the  oscillations 
and  vibrations  in  large  refractory  telescopes.  The  revolving  dome 
is  an  objection  which  Mr.  Hartness  does  away  with  and  he  also  elim- 
inates the  elevating  floor.  The  dome  of  the  large  observatories 
protects  the  large  glass  tubes  of  the  instruments  from  wind  pressure 
to  a  certain  extent;  when  supplemented  by  the  auxiliary  shutter 
and  fittings,  the  instrument  can  be  kept  in  a  practically  stable  and 
uniform  way. 

In  the  large  instrument  at  the  Yerkes  observatory,  about  25  tons 
are  in  motion  when  it  is  revolving  on  its  axis  in  sidereal  time.  In 
other  words,  the  liand  of  the  dial  w(»ighs  25  tons  and  the  clock  pro- 
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pels  the  instrument  so  accurately  that  there  is  a  variation  to  exceed 
only  a  small  fraction  of  the  width  of  the  spider  line^  which  is  not  more 
than  0.006  in.  in  diameter. 

"Fhe  paper  shows  that  the  telescope  is  simply  another  piece  of 
mechanism  in  which  mechanical  engineers  are  interested,  and  that 
meix  who  can  design  and  construct  other  pieces  of  machinery,  are 
able  to  construct  these  higher  pieces  of  mechanism  which  come  imder 
the  name  of  "instruments." 

W"af.  Kent.    While  Mr.  Hartness  has  been  congratulated  on  his 
improvements  in  the  construction  of  the  telescope,  I  wish  to  con- 
tra, tulate  him  on  the  bold,  clear  and  correct  statement  concerning 
^^^^nt  rights.    I  did  not  know  where  the  idea  arose  that  it  was  un- 
^^hical  for  a  scientific  man  to  take  out  a  patent  on  a  scientific  instru- 
''^^'it;.    It  is  a  false  notion,  because  if  there  is  one  thing  that  will 
actiaaiiy  prevent  the  manufacture,  development  and  progress  of  an 
'ixsti-ument,  it  is  the  fact  that  there  is  no  patent  upon  it.    If  you 
^'^^^t  a  thing  put  in  the  hands  of  the  people  as  much  as  possible, 
^^*    «  patent  on  it.    I  believe  that  the  electromagnetic  theories  of 
^^^^^ph  Henry  did  not  come  into  use  for  some  years  because  he  did 
_^*    t»ke  out  a  patent;  if  he  had  procured  a  patent  upon  his  discov- 
i,  the  world  would  have  had  the  benefit  of  them  many  years 
Lcr. 

the  inventor  of  a  scientific  instrmnent  has  not  the  money  with 

.    *^C5h  to  take  out  a  patent,  he  should  try  to  get  someone  to  furnish 

After  the  invention  is  patented,  the  manufacture  of  the  instru- 

yy^^^t  should  be  turned  over  to  the  manufacturer  engaged  in  that 

^^  so  that  the  public  may  receive  the  benefit  of  the  invention.    If 

X>atent  is  secured  and  the  invention  properly  protected,  a  price 

^^  be  fixed  for  it  which  will  be  reasonable.    Do  not  omit  to  take  out 

^  Intent  on  a  scientific  device  because  of  the  idea  that  it  is  unethical. 

Benbt  Hess.  Mr.  Hartness  and  Professor  Kent  have  both  taken 
t)ie  position  that  the  promoters  of  the  original  patent  laws  undoubt- 
^y  had  in  mind  the  encouragement  and  development  of  the  domes- 
tic arts  and  manufacturers.  Probably  the  present  law  makers  would 
Hot  pass  the  patent  laws  again  in  anything  like  their  present  shape, 
because  they  have  found  as  a  matter  of  actual  experience  that  the 
patent  law  does  not  work  that  way.  I  do  not  think  there  is  an  in- 
ventor in  the  country  who  has  not  a  long  tale  to  tell  about  the  things 
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which  are  shelved.  If  you  want  to  have  a  thing  pushed,  you  must 
get  it  into  the  hands  of  someone  to  whom  it  will  be  of  financial  advan- 
tage to  have  the  idea  patented,  which  means  you  will  put  the  matter 
in  the  hands  of  a  manufacturer  in  that  particular  line.  The  chances 
are  that  if  the  improvement  is  a  really  good  one  the  manufacturer 
will  acquire  it,  particularly  if  he  can  acquire  it  for  the  mere  cost  of 
the  patent,  and  in  many  cases  he  may  put  it  on  a  shelf  so  that  he  may 
not  be  compelled;  through  his  competitor,  to  convert  into  the  scrap 
heap  his  previous  devices.  He  will  go  on  manufacturing  his  existing 
products  as  long  as  he  can  find  a  market  for  his  goods  at  a  remuner- 
ative price. 

F.  R.  HuTTON.  The  author  apologizes  for  making  the  polar  axis 
of  his  telescope  of  such  large  diameter  and  of  such  short  length 
of  shaft,  because  he  thereby  violates  a  principle  of  machine  design. 
It  occurs  to  me  that  the  point  of  error  is  the  ball  or  roller  on 
which  the  turret  is  mounted,  and  not  the  overall  diameter  of  the 
ring.  In  that  view  there  is  no  transgression  of  the  principles  of 
machine  design,  in  that  the  accuracy  of  that  ball  can  be  ntiade  as 
close  and  accurate  as  the  accuracy  of  any  revolving  shaft.  The 
dome  does  not  make  a  complete  revolution  through  360  deg.,  so  that 
the  mass  diameter  of  the  turret  is  not  concerned  in  the  irregularities 
which  are  introduced.  Such  irregularities  exist  in  the  raceway  and 
in  the  ball;  and  they,  it  seems  to  me,  can  be  corrected  eflFectively. 

If  there  is  a  difficulty  in  the  turret,  it  will  be  due  to  the  fact  that 
it  stands  at  an  angle,  causing  it  to  be  heated  more  at  the  top  than 
at  the  bottom  through  heat  rising  from  the  building.  The  conse- 
quence will  be  that  the  expansion,  due  to  the  unequal  heat,  will  tend 
to  put  the  turret  out  of  line. 

In  these  days  of  electric  heating  it  occurs  to  me  that  the  comfort 
of  the  astronomer  might  be  secured  by  a  special  body  pad,  heated 
by  electricity,  which  would  keep  the  temperature  immediately 
surrounding  the  body  of  the  astronomer  at  98  deg.  fahr ,  so  that 
then*  are  no  rises  of  temperature  and  no  currents  of  air  ascending 
and  going  out  of  the  normal  dome  opening  except  those  which  the 
astronomer  may  cause,  his  body  l^eing  at  a  temperature  of  98  deg. 
He  should,  therefore,  surround  himself  with  a  narrow  electric  heating 
pad  which  would  keep  his  temperature,  and  not  mcrease  the  bulk 
of  heat  around  the  dome.  If  this  were  done,  I  chink  a  mat^^rial 
reduction  of  the  unequal  temperature,  and  the  difficulties  which  arc 
consequent  upon  that,  could  be  secured  in  the  Hartness  design. 
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Author.  The  discussion  of  this  paper  was  opened  by  Mr. 
Warner  with  a  reference  to  some  historical  events  of  a  more  or  less 
personal  nature.  Perhaps  a  similar  beginning  for  the  closure  may 
be  fitting. 

About  thirty  years  ago  the  author  had  the  pleasure  of;  looking  in 
through  an  open  door  into  the  works  or  laboratory  in  which  the 
Kreat  lick  telescope  was  being  built.  The  works  was  owned  by  two 
young  men  who  designed  this  telescope  and  who  could  be  seen  in 
*Daong  the  workers  directing  the  construction.  Their  qualities  as 
laen  and  engineers  must  have  contributed  to  the  depth  of  impression 
*^d  the  pleasiu-e  gained  by  merely  looking  through  the  open  door. 

The  laboratory  was  not  mammoth  in  size,  but  was  large  enough 

'or   this  great  undertaking  and  for  the  greater  accomplishment  of 

building  a  grand  reputation  for  these  young  men.    That  the  credit 

^a«  fully  merited  has  been  proved  many  times  since  by  the  contin- 

^c<i   progress  and  greater  achievements,  so  that  through  these  years 

ttxey  have  stood  preeminent  as  designers  and  builders  of  great  aslro- 

'^oirxical  observatories  and  instruments.    These  two  young  men  of 

^*Ux-tpy  years  ago  have  honored  the  author  by  discussing  this  paper. 

^^^-    Swasey 's  name  follows  Mr.  Warner's,  just  as  it  has  stood  in  the 

name  of  their  organization.    But  there  has  never  been  a  more 

actory  example  of  equality  of  partners  than  is  exhibited  in  this 


'^^«^  ^  firm. 


le  discussion  of  Messrs.  Warner  and  Swasey  is  followed  by  that 

iDr.  Kent,  Mr.  Hess  and  Dr.  Hutton.    The  eminence  of  these 

^^^tlemen  transformed  their  discussion  into  the  most  important  part 

*    t;he  paper,  and  leaves  little  in  the  way  of  reply,  except  to  clear 

^  ^  few  points  that  were  left  obscure  by  the  description. 

^Ir.  Warner  calls  attention  to  the  greater  weight  of  the  moving 
*^U.rt8  of  the  turret  telescope,  and  the  probability  that  the  main  diffi- 
^^ty  would  be  encountered  in  an  attempt  to  provide  a  reliable  driv- 
^^dock. 

Thus  far,  the  need  for  greater  precision  than  that  furnished  by 
the  simple  motor  drive  has  not  been  reached.  If,  however,  the 
greatest  precision  is  desired,  it  can  be  readily  supplied  by  the  driving 
mechanism  that  is  used  by  Prof.  E.  C.  Pickering,  director  of  the 
Harvard  College  observatory,  for  driving  his  large  telescopes.  This 
mechanism  was  designed  by  Willard  P.  Gerrish,  and  it  is  of  such  a 
nature  that  it  has  a  great  reserve  of  power.  The  main  drive  is  an 
electric  motor  which  is  under  the  control  of  the  clock  mechanism. 
Its  scheme  of  operating  is  most  favorable  for  meeting  any  ordinary 
variations  in  load. 
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like  all  other  schemes,  it  includes  an  auxiliary  slow  moti 
which  the  advance  of  the  telescope  may  be  accelerated  or  rei 
to  offset  the  effects  of  refraction  and  other  elements  that  U 
change  the  position  of  the  object  in  the  field  of  the  telesoope. 
device  would  certainly  furnish  a  drive  of  great  precision  for  an; 
or  variation  in  load,  that  would  be  foimd  in  moving  the  tuirei 
variation  in  load,  of  course,  would  be  due  to  change  of  fri 
resistance,  and  this  would  not  be  very  great  so  far  as  the  firi 
resistance  of  the  rolls  on  which  the  weight  of  the  turret  is  sup] 
is  concerned.  It  would  be  mostly  in  the  bearings  of  the  transi 
gears  that  carry  the  motion  to  the  driving  rolls. 

The  turret  with  its  telescope  and  coimterweights  weif^ 
2  tons,  but  it  rests  on  an  ample  seat  of  7  ft.  in  diameter,  and  ii 
delicately  poised.  It  seems  to  the  author  to  be  more  reliabl 
the  less  stable  moimting  of  the  standard  telescope  with  its 
load.  . 

Mr.  Swasey  calls  attention  to  the  sheltering  effect  of  the  si 
telescope  dome  in  its  protection  of  the  instrument,  and  thi 
cately  calls  attention  to  the  obvious  exposure  of  the  tube  a 
object  glass  of  the  turret  telescope  to  the  gales  as  well  as 
winds.  The  present  instrument  is  exposed  to  a  clear  sweep  c 
from  the  southwest  to  the  northwest.  Since  its  erection  w 
had  gales,  but  none  that  has  wrought  destruction  to  any  stn 
in  this  locality. 

The  position  of  the  tube  when  it  is  not  in  use  brings  it  near 
izontal,  and  may  be  about  2  or  3  ft.  from  the  ground  when  p 
east.  In  this  position  it  could  be  readily  provided  with  a  t 
separate  shelter  into  which  it  could  be  seciurely  locked,  bu1 
has  not  thus  far  seemed  to  be  any  real  need  for  such  protect 

If  the  object  glass  should  be  still  fiulher  protected,  it  co 
disconnected  from  the  tube  at  this  point  and  deposited  in 
which  could  be  tightly  closed  to  protect  it  from  moist  air,  a 
keep  it  at  the  temperature  of  the  outside  air. 

Regarding  the  protection  of  the  tube  from  wind  pressure 
in  use,  the  author  has  contemplated  providing  a  shelter  in  it 
of  a  sheet  metal  jacket  or  outer  tube,  which  would  be  clamped 
to  the  massive  turret  and  stand  clear  of  the  telescope  tube. 
outer  tube  should  have  a  diameter  of  about  1  in.  greater  tl 
telescope  and  perhaps  a  length  of  1  ft.  or  more,  it  would  pro' 
ideal  protection.  It  would  be  pivoted  to  the  turret  concenti 
the  declination  axis,  and  would  be  free  to  follow  the  telescop 
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it  was  being  changed  in  position  of  declination.  After  that  it  would 
be  finnly  clamped  to  the  turret,  standing  clear  of  the  main  tube.  But 
all  this  may  never  be  applied,  for  barring  the  most  exceptional  winds, 
the  bracing  of  the  tube  and  the  exceptional  mass  and  stability  seem 
to  hold  it  finnly  and  beyond  any  vibration  that  may  be  detected 
in  ordinary  work. 

The  writer  waited  over  half  an  hour  in  an  extremely  squally  wind 
one  evening  before  he  could  see  the  star  move  from  the  cross  wire, 
And  then  at  an  exceptional  blast  it  moved  off  for  a  second  or  more 
^^d  then  back  to  its  position.    He  had  selected  a  star  that  would 
bring  the  telescope  into  the  most  unfavorable  position  for  stability; 
namely,  with  the  wind  striking  squarely  at  the  side  of  the  tube  and 
^ts  Well  sweep.    In  this  position  the  tube  depends  solely  on  the  con- 
trol of  the  two  worms  on  opposite  sides  of  the  24-in.  declination  wheel. 
This  windy  evening  would  undoubtedly  have  been  a  poor  "see- 
^^^^  time,  even  if  the  tube  had  had  a  perfect  shelter.     During  the 
^ole  time  there  was  probably  a  hazy  elongation  of  the  star  in  the 
^^'©ction  of  the  wind,  such  as  would  be  due  to  a  slight  quiver. 
The  autlior  did  not  see  it  then  because  he  had  adjusted  the  focus 
*^    illuminate  the  cross  wires.     He  has  seen  it  since  in  extreme 
^^d.  when  he  had  the  focus  adjusted  to  make  the  object  sharp. 
One  more  point  regarding  freedom  from  vibration  should  be  stated. 
"V^^  tube  is  short  and  it  is  rigidly  braced  as  to  right  ascension  posi- 
"^n.     Its  structiure,  taken  as  the  combination  of  its  large  declination 
*^^is  and  its  rigid  well  sweep  brace  is  one  that  does  not  readily  vibrate. 
Jt'be  subject  of  patents  and  their  effect  on  the  advancement  of 
^^^nce  which  has  been  discussed  by  Messrs.  Kent  and  Hess  is  too 
K^^at  a  one  to  be  fully  treated  in  this  paper.    It  is  hoped,  however, 
*'*^t  this  discussion  will  bring  out  a  paper  wholly  devoted  to  it,  for 
^^^^gbeers  should  contribute  to  pubUc  opinion  on  a  subject  of  such 
^tal  importance  to  the  economic  welfare  of  this  country,  as  well  as 
to  the  advancement  of  science. 

Dr.  Button's  reference  to  the  adverse  effect  of  an  unequal  distri- 
bution of  heat  in  the  turret  casting  is  an  important  point  that  should 
be  borne  in  mind  in  times  of  greatest  extremes  of  temperature  in- 
lide  and  outside  of  the  building.  If  its  effect  is  appreciable,  it  could 
be  readily  tabulated  for  various  positions  of  telescope  and  various  tem- 
perature differences.  In  this  work  thus  far  the  author  has  not  found 
an  error  that  could  be  directly  traceable  to  that  cause.  The  state- 
ment reflects  very  little  light  on  the  subject  for  it  depends  on  the 
precision  of  his  work. 
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Regarding  the  accuracy  of  the  telescope  in  finding  faint  ^ 
he  wishes  to  say  that  one  authority  of  note,  who  spent  an  ^ 
with  the  telescope,  told  him  that  he  thought  there  were  vei 
equatorials  in  the  coimtry  more  accurate  in  their  performance 
although  this  gentleman's  experience  was  based  on  only  one 
ning's  observation  and  could  not  take  into  accoimt  the  effect  of 
ation  in  temperature,  the  writer  feels  that  it  may  indicate  th< 
ability  of  the  instrument,  and  that  a  great  change  on  cold  nig; 
20  deg.  fahr.  would  have  been  noticeable  to  him. 

There  is  food  for  thought  along  the  line  of  Dr.  Hutton's  sugg 
for  an  alternative  scheme  of  providing  electrically  heated  cl< 
for  the  observer  who  is  to  be  exposed  to  the  low  temperatures 
standard  observatory.  If  this  could  be  carried  out  without 
tionable  features,  it  certainly  would  be  a  great  boom,  but  the 
thinks,  as  already  stated,  that  the  turret  type  of  observatory 
stability,  convenience  and  reliability  of  performance  that  i 
make  it  a  preferred  type,  independent  of  its  comfort  pro 
qualities. 
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EXPENSE  BURDEN:  ITS  INCIDENCE  AND 

DISTRIBUTION 

By  Sterling  H.  Bunnell,  New  York 
(  Member  of  the  Society 

As  the  various  problems  of  engineering  design  and  construction  are 
faced  to  the  application  of  known  rules,  precedents  and  data,  the 
fnent  of  cost  enters  more  prominently  into  the  calculations  on  which 
5  choice  of  plans  is  based.  Almost  any  engineering  construction, 
lether  railroad,  bridge,  tunnel,  transmission  line,  factory  or  me- 
anical  device,  can  now  be  produced  with  materials  and  methods 
easy  reach.  The  question,  "Can  it  be  done?"  has  given  place  in 
iportance  to  "Will  it  afford  an  attractive  return  on  the  investment?" 
le  engineer  must  now  master  in  addition  to  the  mathematics  of 
aterials  and  of  electricity,  the  problems  of  financial  operation,  the 
inciples  of  estimating  correctly  and  providing  for  fixed  charges 

1  well  as  operating  expense,  and  all  the  other  details  of  accounting 
iquired  in  the  continued  successful  operation  of  an  enterprise  after 
)nstruction  is  finished. 

2  By  far  the  most  diflScult  of  the  problems  presented  for  joint  solu- 
on  by  the  engineer  and  the  accountant  is  that  of  the  distribution 
•  factory  burden  on  correct  principles.  The  original  conception  of 
Nen  treated  it  as  a  wholly  imfortunate,  objectionable  and  re- 
^ttable  outlay,  to  be  kept  as  small  as  possible,  and  subtracted  from 
^®  gross  profit  of  the  factory  operation  to  obtain  the  figures  of  net 
fofit.  Every  possible  effort  was  made  to  charge  not  only  wages  and 
^terial,  but  also  repairs  and  supervision,  in  some  way  or  other  in- 
i  the  particular  product  that  happened  to  be  under  construction. 
"lie  residue  of  expense  which  could  not  be  disposed  of  arbitrarily  by 
^  method  was  collected  into  a  single  expense  account  and  distribu- 
^  by  proportion  over  the  cost  of  the  products.  The  usual  method 
iopted  for  carrying  out  the  calculation  was  to  distribute  the  expense 
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either  as  a  percentage  to  cost  of  labor,  or  as  an  hourly  charge  i 
added  to  the  wages  cost,  of  every  hour's  labor  performed.  W 
this  conception  and  practice  exist,  every  bill  that  happens  to  be 
in  a  given  month,  or  at  the  best,  every  charge  incurred  during 
month,  is  regarded  as  expense  to  be  distributed  over  the  pro 
of  that  month.  If  somethmg  breaks  down  and  is  repaired  at  h 
expense,  the  goods  cost  more  that  month  because  of  making  th 
pairs  at  that  particular  time.  Accounting  of  this  character  has  i 
it  possible  to  operate  many  a  factory  at  ahuge profit, until theeca 
ically  worn-out  shell  could  be  unloaded  on  some  capitalist  inni 
enough  to  dispense  with  engineering  advice,  and  purchase  on  the 
figures  of  past  operation. 

3  The  basis  of  this  scheme  of  distributing  burden  by  scatterini 
evenly  as  possible  over  ever>i>hing  in  sight,  is  the  wholly  erroneom 
ception  that  all  the  operating  expenses  of  the  factory  can  be  dr 
into  two  classes,  productive  and  non-productive,  the  first  incli 
all  useful  work  on  the  manufactures  to  be  sold  later,  and  th( 
ond  all  waste,  a  dead  loss  to  the  organization.  The  logical  de\ 
ment  of  the  theory  teaches  that  the  ratio  of  non-productive  tG 
ductive  expense  should  be  kept  as  low  as  possible;  that  the 
manager  is  he  whose  expense  ratio  is  the  lowest;  and  that  increi 
expense  ratio  by  high-powered  machinery,  trained  helpers  to  sai 
time  of  skilled  workers,  and  liberal  outlay  for  good  tools  and 
upkeep,  cause  loss.  The  absurdity  of  the  conclusion  and  thei 
of  the  premise,  is  evident.  No  legitimate  expense  is  truly  non 
ductive  and  some  other  definition  must  be  found  for  the  ez] 
burden  in  order  to  indicate  its  true  significance. 

4  Every  task  performed  in  a  shop  under  good  manageme 
directed  toward  accomplishing  quickly  and  cheaply  some  del 
and  useful  end.  The  purposes  served  by  the  various  details  o 
work  differ  widely.  Some  of  the  tasks  are  performed  directl 
particular  pieces  of  the  factory  product  and  are  properly  c 
direct.  Others  no  less  productive  are  on  miscellaneous  lots  of  pi 
like  cleaning  castings  in  the  foundry;  or  on  several  dissimilar  p 
at  once,  as  in  operating  a  group  of  automatic  machines.  Others 
no  direct  contact  with  factory  product,  as  in  repairing  belts,  op 
ing  cranes  and  sweeping  floors.  All  of  those  tasks  which  canm 
conveniently  split  up,  measured  into  portions  and  charged  dire 
particular  pieces  of  factory  product  are  properly  described  as  indi 

5  The  ratio  of  indirect  to  direct  expense  is  no  indication  a 
efficiency  of  the  management,  except  as  between  two  precisely 
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liar  operations.  In  fact,  a  high  ratio  of  direct  to  indirect  niay  indi- 
cate extreme  inefficiency,  exactly  the  opposite  of  the  accepted  belief, 
and  this  under  widely  differing  conditions;  for  instance,  with  a  badly 
managed  shop  where  every  man  charges  his  full  tune  direct  to  a  pro- 
duct, and  runs  his  own  errands  or  serves  as  his  neighbor's  helper  on 
oecasion;  or,  on  the  other  hand,  with  a  factory  equipped  with  auto- 
matic machines  under  the  care  of  skilled  men  whose  time  is  charged 
dnect  to  the  cost  of  product. 

6  Experience  gained  in  connection  with  the  cost  accounts  of  fac- 
tories and  shops  covering  a  wide  range  of  manufactures  shows  ratios 
of  indirect  to  direct  varsring  from  20  to  160  per  cent;  and  even  higher 
percentages  would  not  necessarily  be  surprising  or  discreditable  to 
the  management.  The  introduction  of  scientific  management  always 
increases  the  ratio  of  indirect  to  direct  expense,  and  yet  de- 
creases gross  cost  as  well  as  prime  or  direct  cost.  In  fact,  as  be- 
tween a  shop  under  the  best  methods  of  twenty  years  ago  and  the 
best  modem  practice,  prime  costs  afford  no  p)ossible  basis  of  useful 
comparison.  High  indirect  and  low  direct  costs  are  to  be  expected 
with  modem  equipment,  even  without  scientific  management. 
Heavy  cuts  by  a  powerful  machine  tool  in  charge  of  an  efficient  semi- 
fHaikd  man  at  usual  day  wages  often  involve  an  operating  cost  of 
$1  per  hour  for  the  machine  (an  item  of  the  expense  accoimt),  against 
&  direct  wages  cost  of  30  cents  for  the  man,  a  ratio  of  330  per  cent. 
Whenever,  as  in  this  case,  the  direct  cost  is  a  mere  fraction  of  the  ex- 
pense biu'den,  to  keep  accurate  costs  of  the  labor  and  material  items 
only  is  nothing  less  than  absurd. 

7  Scientific  management,  while  increasing  the  ratio  of  indirect 
^  direct  expense,  decreases  direct  expense  in  greater  proportion.  The 
^et  saving  caimot  therefore  be  ascertained  except  by  accurate  knowl- 
^  of  the  details  of  each  class  of  expense.  This  knowledge  must  be 
continuous,  always  at  hand  for  instant  use.  The  works  manager 
cannot  ^ait  twelve  months  for  an  annual  audit  to  show  whether  a 
Dew  plaiming  department  has  saved  its  cost,  or  increased  operating 
^^pense  has  been  followed  by  a  greater  increase  in  value  of  output. 
The  engineer  who  is  trying  to  persuade  a  superior  officer  in  the  finan- 
cial department  to  authorize  the  purchase  of  newer  equipment  or 
the  increase  of  the  supervisory  force  will  appreciate  the  advantages 
of  accounting  methods  by  which  the  exact  results  of  changes  in  ways 
of  doing  work  may  be  demonstrated  through  the  factory  accounts. 
In  every  factory,  the  exact  result  of  each  new  task-setting  operation, 
change  in  method,  and  improvement  in  equipment,  not  only  in  regard 
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to  the  wages  and  supplies  of  today,  but  also  with  respect  to  the  oper- 
ating expense  accounts  of  the  month  and  the  fixed  charges  of  the  year, 
should  be  known  in  detail  and  at  once.  These  requirements  can  be 
met  only  by  a  clear  and  comprehensive  analysis  of  the  true  inddefice 
of  the  fixed  charges,  and  of  the  indirect  details  of  operating  expense, 
followed  by  the  introduction  of  methods  by  which  each  item  of  fo^ 
tory  product  may  be  charged  with  that  proportion  of  the  indirect 
expense  which  corresponds  to  the  cost  of  maintaining  the  shop  fftdl- 
ities  used  in  performing  the  manufacturing  operations  upcm  thai 
item.  The  same  degree  of  precision  obtained  in  charging  to  the  cost 
of  work  the  direct  expense  for  material  and  labor,  should  be  reached 
in  charging  the  large  and  important  indirect  expense. 

8  The  part  of  the  engineer  in  developing  the  scheme  of  correct 
distribution  of  burden  is  much  more  than  mere  scientific  interest  in 
the  work  of  some  outside  accountant. 

9  The  first  step  in  the  solution  of  the  problem  is  to  analyse  the 
data  and  conditions.  Of  the  items  which  go  to  make  up  indirect 
expense  or  factory  burden,  some  of  them  are  observed  to  have  a  very 
clear  incidence  upon  definite  points  within  the  factory.  Consider 
the  annual  interest  on  the  value  of  a  factory  building.  Surely  it  will 
not  rise  with  an  increase  in  wages  or  cost  of  material;  nor  with  an 
increase  in  output;  nor  does  it  concern  anything  which  takes  place  in 
some  other  building.  The  building  is  there  to  serve  a  useful  purpose; 
and  whatever  benefits  by  that  purpose  should  pay  its  share  toward 
the  interest  on  the  cost  of  the  building.  The  purpose  is  evidently 
the  housing  of  machines  and  their  operators,  and  each  of  the  machines 
forms  a  unit  in  the  productive  scheme  of  the  factory.  Let  the  build- 
ing be  divided  accordingly  (by  imaginary  lines)  into  productive  units, 
and  require  each  to  earn  the  interest  on  that  part  of  the  whole  build- 
ing which  is  occupied  by  the  equipment,  operator  and  work  in  pro- 
gress, of  the  unit. 

10  Once  attacked  from  this  point,  the  problem  of  a  correct  dis- 
tribution of  expense  burden  becomes  easy  of  solution.  The  to^ 
step  in  the  process  is  to  obtain  a  schedule  of  annual  fixed  and  operat- 
ing expense.  This  includes  the  reserves  for  interest  and  depreciation' 
taxes,  insurance  and  other  fixed  charges,  a  reasonable  allowance  fo' 
the  expected  average  repairs,  and  the  expense  for  supervision,  small 
tool  upkeep  and  power  cost.  Each  of  these  charges  is  to  be  split  uP 
and  apportioned  among  the  particular  productive  units  to  which  it 
belongs,  the  total  to  be  carried  as  an  element  of  the  cost  of  that  p*^ 
of  the  factory  product  which  passes  through  that  particular  produc* 
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bive  unit  during  the  year.  The  incidence  of  each  detail  of  the  burden 
i>eing  clearly  on  the  productive  unit,  which  comprises  equipment, 
i^Msessories  and  a  portion  of  the  building  and  land,  the  whole  of  the 
mmial  charge  has  as  direct  an  incidence  on  the  work  passing  through 
Lhe  production  center  in  the  year  as  the  wages  of  the  operator  on  the 
^uipment  of  the  center.  The  labor  cost  is  the  amount  paid  the 
^peratori  on  day,  hour,  piece,  premium,  bonus  or  whatever  system 
is  used.  The  equipment  cost  is  a  suitable  fraction  of  the  annual 
burden.  As  most  of  the  burden  elements  (interest,  taxes,  etc.)  have 
a  time  factor,  it  is  convenient  to  reduce  the  annual  charge  to  an  hourly 
rate,  and  to  make  the  charges  to  cost  of  work  on  the  same  time  units 
that  are  provided  by  the  work  records  of  the  operatives. 

TABLE  1    SCHEDULE  OF  EXPENSE* 

Interest  on  Land  and  Building.  $50.00  Interest  on  Equipment  5 

l>epreciation    2}    %    on    $1000  per   cent    on  half 

Valuation 25.00  new  value $168.25 

Taxes  1%  on  $1000 10.00  Depreciation     per 

Insurance,  per  year 5.00  schedule 407.00 

Heat  and  Light.  Share  of  this  Taxes  1% on assess- 

Building 50.00  ment 39.00 

finilding  repairs  estimated  at. . .  .25.00  Insurance 35 .00 


Total  Building Chargc.$ir>5. 00  Total  to  Distribute 

to  Equipment.  $649.25 

11  In  the  practical  application  of  this  fundamentally  correct 
system  of  apportioning  expense  burden,  several  interesting  and  illum- 
inating conceptions  have  been  brought  out.  The  labor  of  calcula- 
tion is  reduced  by  following  a  standard  procedure,  commencing 
with  the  schedule  of  expense,  Table  1.  The  items  belonging  to  the 
land  are  first  grouped,  and  divided  by  the  square  feet  of  occupied 
land  to  obtain  a  land  factor  in  dollars  per  year  per  square  foot  of 
land.  Next,  the  portion  of  land  belonging  to  each  building  is  tabu- 
lated, and  the  area  of  each  portion  in  square  feet  is  multiplied  by  the 
land  factor  to  give  the  total  land  charge  for  each  building.  This 
forms  the  first  element  of  burden  for  the  building.  The  interest, 
taxes  and  insurance  are  calculated  on  the  book  value  of  the  building; 
the  annual  cost  of  heat  and  light  are  computed  and  the  items  totaled 
to  obtain  the  annual  building  factor,  and  divided  by  the  floor  area 

*A  nalt  ▼aloe  of  11000  for  iHod  and  building  uud  a  new  cont  of  $6730  for  equipment  are  taken 
for  th«M  eitlmate^. 
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of  the  building  to  give  the  square  foot  factor.  The  next  step  is  a 
map  or  diagram  showing  each  production  center  with  its  wwldng 
floor  space,  including  in  the  list  of  centers  erecting  floor  spaces, 
benches,  and  all  equipment  on  which  men  are  employed  or  operatkms 
performed  on  factory  product.  The  centers  are  then  to  be  tabulated 
in  order  by  departments  as  in  Table  2,  with  the  appraised  value  and 
square  feet  of  floor  space  occupied  by  each.  Multiplying  the  latter 
by  the  square  foot  factor,  the  total  building  factor  of  each  productive 
unit  is  obtained. 

12  Accessory  equipment  goes  with  the  producing  machine  of  each 
production  center,  that  is,  shafting,  belts,  all  or  a  share  of  a  motor, 
small  tool  equipment,  and  the  like.  The  value  of  such  equipment  is 
generally  much  less  than  the  value  of  the  principal  machine,  so  that 
absolute  accuracy  in  apportioning  accessories  is  not  essential.  If  the 
value  is  very  small,  it  may  be  divided  among  the  units  in  proportira 
to  the  value  of  their  producing  machines;  if  large,  shafting  and  bdts 
may  be  apportioned  to  the  units  on  the  basis  of  the  floor  space  occo* 
pied  by  each,  motors  driving  groups  on  the  basis  of  the  working 
horsepowei^hours  of  each  productive  unit,  and  small  tools  by  judg- 
ment. If  the  greatest  accuracy  is  desired,  the  accessories  may  be 
treated  separately  and  each  one  measured,  appraised  and  assigned 
to  the  productive  units  accordingly. 

13  The  remaining  calculations  are  carried  out  for  each  unit  inde- 
pendently, including  the  value  of  the  accessories  with  that  of  the 
main  machine.  A  depreciation  rate  is  set  for  each  unit,  or  class  d 
machines,  and  the  corresponding  aimual  charge  is  computed.  Inte^ 
est  on  the  value  of  the  machine,  taxes  and  insurance  are  also  provided 
for.  All  these  are  definite  quantities,  not  open  to  argument.  Tbae 
remain  certain  items  not  as  definite:  power  cost,  repairs,  general  labor, 
factory  supplies  and  (in  a  machine  shop)  cost  of  tools,  each  of  which 
requires  special  treatment.  Power,  if  it  could  be  metered  separately 
to  each  productive  unit,  would  become  a  direct  charge;  but  as  this 
is  impracticable,  and  the  power  cost  is  not  of  the  greatest  magnitude, 
a  reasonable  approximation  can  be  made  by  estimating  the  avenge 
power  consumption,  the  average  running  time,  and  so  the  average 
annual  horsepower-hours  of  each  unit,  and  multiplying  by  the  cost  of 
a  horsepower-hour  to  obtain  the  power  factor  of  the  burden  cbaigp- 
Supplies  and  general  labor  are  best  divided  by  estimate  and  judgm^D** 
Repairs  to  the  individual  units  cannot  possibly  be  foretold;  but  the 
average  total  repair  cost  of  the  plant,  or  even  of  the  several  depart- 
ments of  the  plant,  can  be  estimated  with  some  degree  of  predaioDj 


STERLING  H.   BUNNELL  543 

ajid  distributed  to  the  productive  units  in  any  of  several  ways.    Per- 
baps  the  most  practicable  is  to  set  by  estimate  figures  representing 
^Iie  probable  proportion  of  repairs  likely  to  be  required  by  each  kind 
of  machines,  placing  1  opposite  the  machine  likely  to  require  the 
least  expense  for  upkeep,  2  for  those  machines  likely  to  require 
-f^wice  as  much  expense,  and  so  on.    By  adding  these  figures  for  a  dc- 
xiominator  and  using  each  figure  separately  for  a  numerator,  the  total 
^^imate  for  repairs  can  be  divided  up  among  the  several  units.    There 
is  no  advantage  for  cost-keeping  purposes  in  attempting  to  charge  the 
^u^tual  cost  of  repairs  into  the  operating  expense  of  each  unit.    In 
K-epairs  for  lightning  and  the  like,  which  generally  become  necessary 
^without  warning,  there  is  no  reason  why  the  expense  burden  and  there- 
fore the  cost  of  work  done  by  one  of  several  similar  machines  should  be 
'temporarily  increased  merely  because  that  machine  suffered  breakage 
^uid  was  repaired  at  this  particular  time.    Standard  power  and  repair 
oosts  are  a  great  help  in  rational  cost-keeping,  since  they  minimize 
fluctuations  in  cost  not  due  to  difference  in  management.    By  opening 
separate  repair  accounts,  charging  these  accounts  with  actual  cost, 
'^th  all  its  momentary  variations,  and  crediting  the  standard  esti- 
xnates,  the  varying  balances  tell  an  interesting  story  of  the  work  of 
the  repair  gang,  and  keep  the  fluctuating  costs  of  repairs  from  exerting 
«t  disturbing  influence  on  the  cost  of  product.    A  power-plant  account 
similarly  operated  is  also  very  useful. 

14  The  tabulation  now  includes  subdivisions  of  all  the  expenses 
^hich  go  to  make  up  the  factory  burden,  up  to  the  point  at  which  the 
completed  goods  leave  the  factory,  but  exclusive  of  the  administra- 
tive expense.  If  the  total  burden  chargeable  to  each  unit  is  divided 
l>y  the  respective  annual  working  hours  of  the  units  running  full  time, 
an  hourly  rate  for  each  productive  unit  will  be  obtained,  which  if 
applied  to  the  cost  of  the  work  done  by  each  imit,  will  in  a  normal 
year  of  full  working  time  accumulate  a  credit  which  will*  balance  the 
shop  expense  burden.  There  are,  however,  many  lost  hours  in  the 
course  of  the  \vorking  year  and  such  losses  reduce  the  credit  which 
is  to  stand  against  the  annual  shop  burden,  and  tend  to  produce  a 
deficit.  Short  time  may  be  due  to  any  of  three  causes,  each  of  which 
gives  to  the  resulting  deficit  a  different  significance.  In  the  ordinary 
operation  of  a  factory,  time  is  lost  by  the  productive  units  through 
illness  of  operatives,  changes  in  the  force,  breakages  and  repairs,  and 
lack  of  capacity  in  other  units.  Obviously,  a  deficit  in  the  credit 
against  burden  due  to  losses  of  this  character  is  a  manufacturing  ex- 
pense, and  should  be  distributed  to  the  cost  of  work. 
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15  Lost  working  time,  however,  may  be  due  to  sales  department 
conditions,  as  when  machinery  is  installed  for  the  manufacture  of 
goods  which  have  a  seasonable  demand,  so  that  they  can  be  sold  do^ 
ing  part  of  the  calendar  year  only.  A  deficit  due  to  lost  time  of  tlu8 
character  is  selling  expense,  and  not  part  of  manufacturing  cost 
In  such  a  case,  the  sales  department  undertakes  to  earn  throo^ 
profit  on  the  sales  the  necessary  amount  to  pay  for  the  use  of  the  | 
capital  invested  in  the  equipment  over  the  period  of  idleness.  TIm 
manufacturing  cost  cannot  be  increased  merely  because  consumption 
ceases  after  a  time,  so  that  the  machines  have  to  be  stopped.  If 
it  costs  11000  to  operate  equipment  for  three  months,  and  another 
11000  for  the  following  three  months,  it  is  not  to  be  supposed  that  it 
costs  12000  to  operate  for  the  first  three  months  only.  Factoiy 
product  can  be  made  continuously,  stocked  up  during  an  idle  periodi 
and  sold  at  the  proper  time;  if  such  a  course  is  inadvisable,  by  reason 
of  tying  up  capital,  or  loss  of  interest  on  the  money  represented  1^ 
stored  goods,  or  risks  taken,  the  expense  of  intermittent  operation 
falls  outside  of  the  manufacturing  accoimt.  Admittedly,  someone 
must  pay  the  fixed  charges  for  each  period  of  idleness;  but  the  party 
liable  in  cases  of  the  kind  supposed,  is  not  the  works  manager,  who 
would  be  glad  to  operate  continuously,  but  the  selling  division  of  the 
organization,  i^hich  must  take  the  consequences  of  sales  conditions. 
Correct  accounting  practice  will  not  justify  the  distribution  of  selling 
expense  to  goods  before  they  are  sold;  wherefore,  manufactured  goods 
should  not  be  placed  in  stock  with  a  burden  allowance  which  includes 
selling  expense,  though  it  is  quite  proper  to  include  all  other  items  of 
burden. 

16  The  third  possibility  of  the  deficit  due  to  lost  time  is  that  it  is 
a  consequence  of  bad  trade  conditions.  Lost  time  of  this  character 
is  neither  manufacturing  nor  selling  expense,  but  a  business  loss  vrhicb 
should  be  made  up  out  of  the  profits  of  good  years.  Conservative 
management  accumulates  a  surplus  to  give  stability  to  the  rate  of 
distribution  to  the  stockholders,  by  reserving  a  portion  of  the  earninp 
of  good  years  to  be  used  in  maintaining  dividends  in  times  of  depict 
sion.  With  correct  methods  in  distributing  factory  burden,  the  loss 
due  to  short  time  operation,  usually  buried  out  of  sight  among  other 
expenses  which  have  no  relation  to  running  time,  is  cleariy  sho^ 
so  that  an  appropriation  may  be  made  from  the  surplus  account  to 
carry  the  deficit  of  poor  years  by  the  extra  earnings  of  good  yean- 

17  The  divisor  used  on  the  annual  burden  of  each  unit  should 
therefore  be  less  than  the  full  annual  shop  hours,  at  least  by  a  8ui^ 
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able  allowance  for  holidays  and  other  lost  time.  In  the  case  of  a 
l&rge  special  machine  for  which  there  is  work  only  part  of  the  time, 
only  the  expected  working  hours  should  be  used  as  a  divisor,  for  such 
a  unit  to  be  profitable  must  earn  its  annual  charges  in  the  nmning 
tixne  which  can  be  given  it.  Whenever  conditions  change  so  that 
such  a  unit  can  be  operated  a  larger  proportion  of  the  time,  the  hourly 
chaige  should  be  correspondingly  reduced. 

18    There  remain  some  items  like  salaries  and  office  expense,  the 

incidence  of  which   cannot  be  traced  to  definite  productive  units. 

I^his  class  of  expeases,  however,  is  incident  to  the  operation  of  the 

factory  as  a  whole.    The  larger  productive  units,  with  their  greater 

<^pital  value  and  heavier  operating  expense,  involve  a  greater  tax 

on  the  management  and  administration  than  the  smaller  units.    The 

l^nrden  charges  belonging  to  the  units  provide  a  very  fair  measure 

of  the  responsibility  of  the  management  in  connection  with  each,  and 

serve  well  as  a  basis  of  distribution  of  the  overhead  charges.     It  is 

proper,  therefore,  to  express  the  overhead  expense  total  as  a  per- 

^^otage  of  the  total  burden  distributed  to  all  the  productive  centers 

^Sether,  and  to  raise  the  hourly  rate  of  each  unit  by  the  same  per- 

^^'^tage.    Thus,  if  $100,000  is  distributed  to  centers,  and  there  is  an 

'^'^duatributed  overhead  of  $10,000,  the  rates  can  be  raised  10  per  cent, 

'^bich  will  provide  for  carrying  the  whole  $110,000. 

^^  O     Each  productive  unit  of  the  factory  is  thus  valued  at  an  hourly 

which  is  to  be  charged  in  the  cost  of  each  operation  performed  by 

J     ^    tmit.    The  total  cost  of  an  operation  accordingly  consists  of  a 

*^Or  charge  and  an  equipment  charge.    The  basis  of  each  machine 

^*^  is  a  careful  investigation  of  the  operating  costs  of  the  particular 

^ohine,  so  that  the  rates  set  are  in  accordance  with  the  facts  in  each 

..^^^-    Whatever  fluctuations  there  may  be  in  operating  expense  are 

-^^ly  to  balance  each  other  above  and  below  the  calculated  charges. 

^t:  as  there  will  be  some  variation  in  any  event,  it  b  permissible  to 

^t^Jn  the  advantage  of  easy  calculation  by  equalizing  the  machine 

^^^s  into  two,  three  or  more  round  figures,  each  covering  productive 

^^^'ts  whose  exact  rates  fall  near  together.    On  the  job-tickets  by 

l*^ch  the  time  or  piece  price  of  the  labor  is  computed,  a  space  should 

^  Provided  for  the  burden  figure,  so  that  the  completed  job-tickets 

^U  give  both  elements  of  the  cost.    Any  change  in  methods  or  men 

^Ul  noi^  indicate  its  complete  result  by  a  comparison  of  the  job- 

^^IcetB  for  the  same  work  done  under  former  and  present  conditions. 

,  20    The  accounting  detail  of  the  expense  burden  distribution  is 

^^ple  and  effective.    A  burden  distribution  account  is  opened,  to 
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which  is  charged  the  calculated  amounts  of  Table  1.  The  account 
is  credited  with  the  total  of  burden  charges  to  cost  of  work,  by 
weekly  or  monthly  periods.  The  balance  indicates  the  loss  by 
failure  to  utilize  the  full  capacity  of  the  factory;  while  a  credit  bal- 
ance, if  one  should  occur,  indicates  a  condition  of  unexpectedly  good 
management,  or  good  luck,  by  which  the  factory  has  worked  to  better 
advantage  than  was  believed  probable.  A  standardizing  account  of 
this  kind  is  very  useful  to  the  management.  All  the  variable  expense 
accounts  can,  if  desired,  be  handled  as  suggested  for  power  and  re- 
pairs, so  that  uniform  credits  offset  the  varying  debits,  and  tiie  bal- 
ances afford  gages  for  the  efficiency  of  the  control  of  the  departments 
originating  the  accoimts. 

21  A  constantly  increasing  balance  in  one  of  the  expense  accounts 
will  occur  if  there  has  been  a  permanent  change  in  policy  with  reelect 
to  this  item.  In  such  a  case,  it  will  be  necessary  to  change  tiie  equip- 
ment rates  affected  by  this  change.  While  it  is  not  at  all  difficult 
to  go  over  a  column  of  the  tabulation  and  revise  the  figures,  it  will 
generally  be  sufficient  to  change  the  rates  by  proportion,  enou^  to 
absorb  the  difference.  But  it  is  not  necessaiy  to  distribute  all  the 
burden  by  machine  rates.  The  overhead  of  salaries  and  office  ex- 
pense, the  cost  of  storage  and  handling,  and,  if  desired,  any  small  dif- 
ference in  burden  actual  and  distributed,  may  be  discributed  as  a  rate 
per  pound  on  a  homogeneous  product,  or  as  a  rate  per  order  if  orders 
are  all  of  the  same  size,  or  as  a  percentage  of  gross  cost,  if  that  seems 
the  most  reasonable  method.  In  every  factory,  careful  analysis  of 
the  facts  will  point  out  the  true  incidence  of  expense  due  to  factory 
operation,  or  factory  product  as  a  whole,  rather  than  individual  pro- 
duction centers. 

22  A  valuable  result  of  localizing  variations  in  expense  burden 
is  stability  in  the  cost  of  the  manufactured  product.  Because  a  re- 
pair force  is  discharged  to  save  expense,  and  everything  is  allowed  to 
fall  into  bad  order,  is  no  reason  why  the  cost  of  goods  made  during 
the  period  should  appear  to  decrease.  The  management  is  in  effect 
borrowing  part  of  the  cost  from  the  stored  energy  of  the  organisation, 
or  discounting  the  future.  All  fluctuations  not  directly  due  to  b 
change  in  manufacturing  methods  are  objectionable  if  carried  into 
cost  of  product.  Where  the  cost  of  similar  articles  varies  uncertain!}' 
from  day  to  day,  each  fluctuation  is  likely  to  have  a  different  cause* 
much  time  is  taken  in  searching  for  the  causes,  and  incorrect  conclu- 
sions are  often  drawn,  or  it  is  assumed  that  some  unknown  and  unususl 
condition  is  responsible,  and  the  attempt  to  trace  the  cause  is  given 


STERLING  H.   BX7NNELL  547 

>.  Inereased  labor  cost  is  easily  discernible  and  can  be  traced  di 
^y  to  its  origin.  Variations  of  material  cost  are  quite  as  easy  to 
plain;  but  where  burden  charges  vary  with  labor  charges,  under  the 
I  percentage  or  hourly  rate  methods,  a  change  m  cost  of  labor  in- 
Ives  a  totally  unrelated  change  in  the  burden  charge,  and  no  clear 
iclusion  can  be  drawn. 

S  Elxact  calculations  are  at  the  base  of  all  well-planned  engineer- 
work.  Exact  uniform  methods  of  cost  calculation  should  be  at 
base  of  all  factory  accounting  systems.  Wherever  associations 
manufacturers  operating  on  similar  work  have  investigated  the 
t-keeping  methods  of  the  various  factories,  the  investigators  have 
n  surprised  to  note  the  wide  variation  between  the  apparent  or 
ik  cost  of  the  same  products,  made  under  the  same  conditions, 
figured  in  different  ways.  The  inevitable  result  is  that  some  fac- 
es bid  for  work  below  cost,  and  thereby  injure  the  business  chances 
JI.  The  remedy  is  not  the  maintenance  of  unduly  high  prices  by 
eement,  thereby  inviting  competition  from  every  outside  shop; 
an  exact  analysis  and  apportionment  of  the  expense  burden  in 
h  a  way  that  each  item  of  factory  work  will  be  properly  charged 
the  use  of  that  portion  of  the  shop  equipment  and  facilities  which 
bvoted  to  it,  and  the  true  margin  of  profit  between  cost  and  selling 
(*e  will  be  clearly  apparent. 

DISCUSSION 

3.  F.  Stimpson.^  It  is  natural  to  discuss  a  paper  from  one's  own 
^dpoint,  and  mine  is  that  of  the  engineer  rather  than  that  of  the 
lountant.  Hence  I  shall  not  attempt  to  pass  upon  the  technical 
tails  of  the  process.  I  feel  justified,  however,  in  discussing  the 
ation  of  accounting  to  business  in  general. 
In  the  performance  of  an  act  there  are  four  principal  steps: 
a  The  issuance  of  the  impelling  order  which  involves 

(1)  a  conception  of  tlie  desired  result 

(2)  a  perception  of  tlie  available  resources 

(3)  the  formulation  of  a  working  plan 

(4)  the  compilation  of  competent  directions 

(5)  the  transmission  of  the  directions 
6  The  performance  of  the  act. 

c  The  recordance  of  the  act,  which  is  the  function  of  the  ac- 
countant. 

tsulting  Engineer,  New  York. 
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d  The  determination  of  the  ratio  between  the  opportunity 
expressed  in  the  directions  and  the  result  as  shown  in  the 
accounts.  This,  as  Mr.  H.  F.  J.  Porter  has  so  aptly  put 
it,  is  the  eflSciency  of  the  performance.  Its  determina- 
tion is  an  executive  function. 

Any  accounting  whatever  is,  therefore,  only  the  third  link  in  the 
chain.  The  account  may  be  accurate  to  the  last  degree;  the  act 
which  it  records  may  be  bad,  inefficient,  wasteful  and  extravagant. 
The  accuracy  of  the  record  is  no  evidence  of  the  propriety  of  the  act. 

Accounts  are  of  value  only  when  they  are  efficiently  used.    To  this 
end,  competent  and  specific  directions  or  descriptions  of  opportuni- 
ties are  essential.    If  these  have  been  issued  to  the  worker  and  are 
backed  up  by  such  personal  explanation  as  is  necessary  to  his  under- 
standing the  performance  of  the  act  itself,  the  supreme  end  in  view, 
will  be  much  more  likely  to  be  highly  efficient.    An  ounce  of  preven- 
tion, in  the  shape  of  competent,  specific  directions,  is  better  than  a 
pound  of  cure.    Our  executive  and  administrative  methods  are  short 
in  foresight  and  long  in  hindsight.    This  has  been  shown  over  and 
over  again  in  the  tremendous  variation  between  possibility  and  per- 
formance which  efficiency   engineers   have   repeatedly  brought  to 
light  by  the  application  of  knowledge  which  was  just  as  available 
before  the  act  as  afterwards.     The  accurate  and  painstaking  work 
of  the  accountants  had,  however,  never  revealed  it. 

In  one  of  my  recent  investigations,  I  demonstrated  that  only  13 
per  cent  of  the  operations  were  competently  and  specifically  directed 
and  only  33  per  cent  were  competently  recorded.  For  lack  of  proper 
directions  the  cost  of  the  excess  of  20  per  cent  of  accounts  over  direc- 
tions was  largely  a  waste  of  time  and  money,  yet  neither  was  at  all 
adequate. 

In  a  recent  address  before  the  School  of  Commerce,  Accounts  and 
Finance  of  New  York  University,  I  said  that  when  an  accountant 
approached  the  problem  of  devising  a  system  of  records  or  of  audit- 
ing an  existing  one,  he  should  first  call  for  the  directions  which  had 
been  given  and  confine  himself  to  paralleling  these  with  records.  H 
such  records  did  not  give  adequate  information  he  should  request 
that  directions,  initiative  of  the  acts  of  which  information  was  desired, 
be  formulated  for  him  as  a  basis  for  his  own  work.  This  is  an 
engineering  and  not  an  accounting  function,  and  requires  a  training 
and  power  of  initiative  which  the  accountant  does  not  possess. 
Facts  should  be  the  basis  of  our  directions  and  the  same  facts,  sub- 
divided in  the  same  detail,  should  be  shown  in  our  accounts.    This 
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process  should  begin  with  the  directions  which  the  general  manager 
receives  from  the  secretary,  in  the  form  of  the  working  resolutions 
passed  by  the  directors.  The  records  of  the  treasurer  should  exactly 
correspond  with  such  directions,  as  to  their  character  and  scope. 
When  they  do  so,  a  determination  of  the  efficiency  of  the  manage- 
nenf  is  possible.  The  general  manager  should  formulate  the  direc- 
tions for  his  working  organization  only  after  he  has  fully  digested 
the  advice  of  a  complete  and  competent  stafif.  The  records  of  his 
lepartment  of  accounts  should  accurately  correspond  to  such  directions 
n  every  detail  and  be  modelled  thereupon,  instead  of  the  reverse,  as  is 
isually  now  the  case. 

The  efficiency  of  the  acts  should  be  principally  dependent  upon 
©mpetent  prospective  direction,  rather  than  upon  a  retrospective 
ontemplation  of  accomplished  performance.  It  is  better  to  pay  the 
afe  maker  than  the  detective. 

The  chief  function  of  accounting  should  be  the  detection  of  flaws 
Q  the  execution  of  our  plans  rather  than  the  original  formulation 
rf  the  plans  themselves.  The  proper  basis  for  that  is  the  research 
vork  of  a  complete  competent  technical  advisory  staff.  The  proper 
unction  of  the  general  manager  is  the  digestion  of  such  advice,  the 
ormulation  of  complete  competent  directions  and  their  transmission 
io  the  worker. 

Benj.  a.  Franklin.^  The  main  principle  of  the  method  of  placing 
expense  burden,  suggested  by  Mr.  Bunnell,  was  in  operation  in  the 
plant  where  I  first  became  acquainted  with  the  subject  of  costs,  some 
twenty  years  ago,  viz.,  to  discover  rates  per  hour  for  each  machine, 
^hich,  when  charged  to  production  in  the  proportion  of  hours  of 
Dttachine  operation,  would  absorb  the  indirect  plant  expense. 

As  a  theory  it  is  very  difficult  to  refute  in  very  many  cases.  It 
18  of  course  evident  that,  disregarding  the  labor  element,  it  is  more 
expensive  per  hour  to  operate,  for  instance,  a  $5000  machine  tool  than 
*  $1000  one,  certainly  as  far  as  the  power  it  uses  and  the  depreciation 
^^es  are  concerned,  but  dependent  upon  the  work,  the  $1000  tool 
^y  use  more  crane  power  or  more  cutting  tools. 

Of  course  this  expense  burden  is  the  bfite  noir  of  the  cost  system. 
Changing  conditions  alter  its  aspect  constantly,  and  a  practical  point 
^ch  it  seems  to  me  should  not  be  overlooked  is  which  method  of 
placing  expeiLse  on  the  saleable  article  is  the  simplest,  and  the  easiest 

*^ctor,  Strathmore  Paper  ('o.,  Mittineague,  Mass. 
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to  carry  to  constant  successful  operation,  and  which  will  meet  ibs 
exigencies  of  competition  and  present  to  the  executive  a  proper knowl* 
edge  of  the  moving  situation  for  shop  control. 

It  is  difficult  to  get  manufacturers  to  use  methods  that  demand  any 
adjustment,  or  much  thought  and  labor  in  maintaining.  An  examinft- 
tion  three  or  four  years  ago  of  some  eighty  plants  using  machiiie  toob 
showed  that  a  very  small  percentage  used  any  method  at  all  of 
applying  the  expease  burden  in  their  costs.  In  competitive  businen 
it  would  seem  more  important  to  adopt  a  method  of  expense  burden 
that  is  uniform  and  simple  and  understandable  enough  to  be  accepted 
and  adopted  by  all,  than  to  urge  a  method  more  theoretically  right 
but  difficult  to  maintain.  The  Cost  Committee  of  the  National 
Macliine  Tool  Builders,  appointed  to  devise  a  standard  «cost  system, 
\\ith  which  I  worked,  deliberately  suggested,  while  it  had  undff 
consideration  at  that  time  the  machine  hour  expense  burden,  the 
choice  of  the  man-hour  or  the  productive  hour  wage  cost  as  the  basis 
for  dividing  expense,  because  it  felt  that  one  of  these  two  methods 
alone  would  stand  any  chance  of  being  accepted  in  any  appreciable 
number  of  cases,  and  that  if  all  adopted  either  the  competitive  result 
would  be  satisfactory. 

To  consider  more  closely  the  value  of  the  plan  outlined  by  Mr. 
Bunnell,  it  seems  that  it  has  certainly  one  first  value,  viz.,  that  any 
machine  tool  buyer  in  considering  the  purchase,  or  as  the  author 
puts  it,  any  engineer  suggesting  the  purchase,  of  machine  toob 
might  well  utilize  this  plan  to  work  up  figures  showing  the  compara- 
tive costs  of  the  same  work  done  on  different  machines  as  a  basis 
for  consideration  of  their  values. 

It  is  somewhat  d(^l)atable  whether  a  manufacturer  is  entitled  to  add 
iut(T(»st  on  his  iuvestmont  to  his  costs  unless  he  is  intending  to  be 
content  with  a  very  small  profit  over  his  cost.  And  if  he  adds  interest 
on  his  i>ennanent  investment  why  not  on  his  floating  investment? 

I  cannot  quite  agree  that  the  miscellaneous  undistributed  expenses 
such  as  salaries,  office  expenses,  etc.,  which  in  Mr.  Bunnell's  eiumpk 
amount  to  a  possible  §10,000,  as  compared  with  $100,000  centralised 
oxi)cnse,  should  be  distributed  per  machine  hour  cost.  It  seems  this 
simply  taxes  the  expensive  macliines  more  heavily.  Nor  do  I  think 
this  part  of  the  expense  is  pr(>i)erly  met  by  the  later  suggestions  that 
it  may  be  divided  by  the  jxmnd  of  production  or  as  a  rate  per  order 
or  over  the  gro.ss  cost.  A\'hy  be  so  particular  in  application  of  the 
§100,000  and  so  cari'loss  witli  tlio  §10,000? 

It  would  ])v  a  tlinicull  problem  also  to  convince  either  the  ordinar}" 
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nianager,  or  the  sales  force  that  they  should  have  charged  against 
the  selling  expense  any  share  of  the  manufacturing  expense  because 
the  season  or  the  times  did  not  match  their  efforts. 

The  plan  of  a  standard  cost  with  a  balance  either  for  or  against  it 
at  all  times  would  seem  to  have  some  advantages  if  the  balances 
were  always  watched,  but  executives  get  careless  about  these  things, 
and  the  standard  cost  gets  fixed  in  their  minds  as  the  real  cost,  with 
a  danger  of  misleading. 

In  order  to  overcome  properly  the  variations  of  expense  burden 
due  to  such  natural  and  fixed  causes  as  variations  in  first  cost  and 
power  use,  the  most  practical  thing  has  always  seemed  to  be  to  divide 
the  plant  into  departments  and  divisions,  including  as  far  as  pos- 
sible like  conditions.  Tliis  being  done,  it  is  a  very  simple  proposition 
to  make  the  divisions  of  depreciation,  power  charge,  etc.,  on  a  fair 
basis  to  each  department  and  division,  show  th^  actual  productive 
hour  expense  burden  for  the  month  and  for  the  period  in  each 
dei>artment  and  division,  to  which  can  be  added  the  general  expense 
productive  hour  burden  for  the  month  and  the  period.  Such  an  act 
of  aceoimting  any  bookkeeper  or  cost  clerk  can  quickly  learn.  It 
presents  the  actual  situation  and  it  has  always  seemed  to  meet  all 
practical  needs  of  competition  and  economy  consideration. 

I  know  of  one  case  where  a  near-sighted  executive  with  the  machine 
hour  burden  kept  a  large  machine  idle  and  a  small  one  always  over- 
burdened with  work  waiting,  because,  if  the  work  were  done  oh  the 
large  .machine  it  would  cost  too  much  on  his  books. 

There  are  very  many  good  points  in  the  paper  of  Mr.  Bunnell  but 
the  last  word  on  exi>euse  burden  has  not  yet  been  spoken,  and  it 
would  seem  to  the  practical  man  that  no  system  of  costs  will  be 
widely  accepted  that  can  not  be  operated  witli  a  minimum  amount 
of  clerical  labor,  difficulty  of  maintenance,  and  correction,  and  the 
fluctuation  of  which  does  not  picture  the  plant's  fluctuations,  and 
allow  of  a  quick  interpretation  by  the  executive. 

H.  K.  Hathaway.  It  is  very  gratifying  to  note  that  it  is  being 
recognised  that  low  ratio  of  indirect  expense  to  direct  expense  does 
not  necessarily  indicate  a  higli  degree  of  efficient  management;  nor 
does  the  reverse  indicate  the  contrary  to  be  true. 

The  method  of  distributing  indirect  shop  expense  described  by 
Mr.  Bunnell  is  essentiallj'-  that  developed  imder  the  Taylor  system 
of  management,  and  is  probably  founded  upon  that  method,  es- 
|)ecially  in  the  manner  of  arriviiip:  n1  tlir  Tiiachine  rates. 
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Under  the  Taylor  system  we  have,  generally,  two  broad  classes 
of  indirect  expense:  shop  expense,  that  is,  the  expenses  a  concern 
would  have  if  it  manufactured  its  goods  but  had  no  conmiercial 
department;  as  would  be  the  case  if  the  products  were  turned  over 
to  a  separate  selling  organization.  The  other,  which  we  call  general 
expense,  is  that  which  we  would  have  if  we  conducted  a  purely 
merchandising  business,  but  did  no  manufacturing.  These  two  state- 
ments that  I  have  just  made  are  only  generally  correct,  as,  of  course, 
a  concern  doing  only  a  merchandising  business  may  have  some  of  the 
expenses  that  are  ordinarily  included  in  the  cost  of  manufacturing, 
and  vice-versa. 

The  first,  shop  expense,  is  distributed  on  a  basis  of  machine  hours 
times  machine  rates  for  time  employed  directly  on  product. 

The  second  may  be  distributed  in  any  one  of  a  variety  of  ways; 
no  one  of  them  being  logically  correct,  as  Mr.  Bunnell  ix)ints  out. 

The  one  particular  point  in  Mr.  Bunnell's  paper  that  strikes  me 
as  being  novel  is  his  proposition  for  charging  selling  expense,  as  well 
as  the  excessive  manufacturing  expense  due  to  dull  times,  onto  the 
product  at  the  time  of  sales,  instead  of  when  manufactured.  This 
has  the  apparently  desirable  feature  of  showing  up  and  inmiediately 
disposing  of  losses  that  may  occur,  whereas,  if  charged  onto  the  prod- 
uct at  the  time  of  manufacture  and  the  product  remains  in  stock  for 
some  time  before  sold,  the  loss  or  decreased  profit  does  not  show  up 
until  long  after  it  has  been  actually  incurred.  In  the  same  way  it 
would  seem  to  avoid  showing  a  profit  on  products  manufactured 
during  prosperous  times  in  spite  of  the  plant  being  operated  at  a 
loss  when  sold. 

Th(»  only  objectionable  feature  that  I  can  see  at  this  time  is  that 
assuming  that  all  indirect  expense  is  charged  ofif  monthly,  as  it  should 
be,  there  might  be  in  many  plants  periods  during  which  shipments 
or  sales  might  be  comparatively  small  by  reason  of  a  considerable 
quantity  of  work  being  under  way  in  the  shop,  but  none  of  which  it 
was  possible  to  complete  or  ship  during  the  month  or  months  i^ 
which  the  bulk  of  the  work  was  done.  This  objection  may  not  be 
important,  however,  and  may  be  outweighed  by  the  advantages.  I 
believe,  however,  that  it  would  result  in  such  sudden  changes  in  the 
profits  and  losses  shown  from  month  to  month,  as  to  be  rather  unsat- 
isfactory from  many  points  of  view. 

What  Mr.  Bunnell  has  given  us  is  so  interesting,  that  it  is  to  be 
regretted  that  he  did  not  go  more  fully  into  the  methods  of  distribut- 
ing the  indirect  expense.     There  is,  of  course,  a  danger  of  cost  system, 
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particularly  in  respect  to  distributing  indirect  expenses,  becoming 
unwarrantably  complicated  and  requiring  more  labor  in  carrying  it 
out,  than  is  justified  by  the  use  that  will  be  made  of  the  results. 

William  Kent.  Mr.  Bunnell  will  do  doubt  admit  that  some 
of  his  directions,  while  generally  applicable,  are  subject  to  exceptions 
under  some  circumstances.  In  connection  with  Par.  18,  he  sa3rs: 
"It  is  proper  to  express  the  overhead  expense  total  as  a  percentage 
of  the  total  burden  distributed  to  all  the  productive  centers  together, 
and  to  raise  the  hourly  rate  of  each  unit  by  the  same  percentage. 
Thus  if  $100,000  is  distributed  to  centers,  and  there  is  an  imdistrib- 
uted  overhead  of  $10,000  the  rates  can  be  raised  10  per  cent,  which 
will  provide  for  carrying  the  whole  $110,000."  Suppose  that  the 
larg^  productive  center  of  a  concern  making  a  miscellaneous  product 
is  a  well  organized  screw  factory,  whose  distributed  burden  is  $50,000 
)ut  of  the  $100,000  for  the  whole  concern.  Its  proper  proportion 
rf  the  $10,000  undistributed  burden  is  $5000.  Now  suppose  that 
n  the  following  year  no  change  is  made  in  the  screw  factory,  but  that 
nthe  other  department  expensive  changes  are  made,  such  as  the  manu- 
facturing of  a  new  product,  the  introduction  of  a  planning  system, 
3tc.,  increasing  the  total  distributed  burden  to  $150,000  and  the 
imdistributed  burden  to  $20,000.  It  would  not  be  proper  to  appor- 
tion any  part  of  the  $10,000  increase  of  undistributed  burden  to  the 
screw  factory,  increasing  the  apparent  cost  of  the  screws  made, 
but  it  must  all  be  apportioned  to  those  departments  for  whose  bene- 
fit this  extra  $10,000  undistributed  burden  was  incurred. 

Harrington  Emerson.  I  welcome  this  able  paper  of  Mr.  Bun- 
lell's.  The  whole  subject  of  burden  and  burden  distribution  is  so 
"^s^dardized  that  any  public  presentation  of  personal  experience 
^  Solution  has  great  value. 

^^Uring  the  twenty  years  I  have  wrestled  with  the  question  of  manu- 
^Uring  costs,  various  axioms  have  emerged. 
*^  the  first  place,  system  should  always  be  subordinated  to  effi- 
*^cy,  which  should  be  made  the  main  element  in  all  cost  records 
8  It  is  of  far  more  practical  importance. 

A^ccidental  costs  have  no  great  value.  They  belong  to  faulty  sys- 
*ta  and  should  be  replaced  by  standard  costs  and  efficiency  factors. 
These  two  give  more  accurate  costs  than  any  system  of  accidental 
costs. 

The  accountant's  field  lies  in  the  verification  of  operating  state- 
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mentSy  not  in  their  invention.  The  experience  of  the  acoountant. 
invaluable  in  its  proper  sphere,  does  not  fit  him  to  establish  ether 
standards  of  operation,  or  secure  efficiencies  of  operation,  both  of 
which  are  fundamental. 

Factory  costs  begin  when  materials,  labor  and  equipment  chaisn 
are  requisitioned  for  factory  use.  These  requisitions  are  the  line  of 
juncture  between  accountant  and  efficiency  cost-keeping.  Tllea^ 
countant  is  interested  in  the  requisitions,  which  are  the  basis  for  his 
many  records.  The  efficiency  cost-keeper  uses  the  same  requisition 
as  the  basic  and  fimdamental  unit  for  comparison  with  his  standards 
and  to  determine  efficiencies,  which  are  the  relation  between  actosl 
and  standard,  both  shown  on  the  requisitions,  one  requisition  for  each 
item. 

The  actual  costs  for  plant  or  for  department  are  the  predetennined 
standards  divided  by  the  plant  or  departmental  efficiency  factor. 
Standards  appear  in  the  requisitions,  actual  results  are  later  entered 
on  the  same  cards. 

All  operating  costs  fall  into  three  main  classes,  materials,  perBonal 
services,  and  capital  charges.  Economically  there  is  neither  logic  nor 
gain  in  treating  these  differently.  These  classes  are  again  divided 
into  seven  sub-classes:  direct  materials,  direct  labor,  direct  machine 
charges,  power,  maintenance,  supervision,  rent.  The  efficiencies  of 
these  sub-classes  are  easily  determined  and  establish  the  efiSden^ 
of  the  plant  or  of  the  department. 

The  four  indirect  items,  power,  maintenance,  supervision  and  rent, 
are  reasserted  into  three  burden  charges,  on  material,  labor  and 
machines.    The  universal  cost  formula  therefore  becomes 

Cost  =  Q{P+B^)  +  TiW+B^)+t{R+Br) 

This  applies  to  any  item  however  small,  the  cost  of  making  a  pii^ 
for  instance,  to  the  operating  costs  of  all  the  railroads  of  the  United 
States  for  a  decade.  In  this  formula,  Q  =  quantity  of  direct  material; 
P  =  price  of  materials  per  unit;  Bp  =  burden  on  price  of  materiabl 
T  =  time  in  hours;  W  =  wages  per  hour  of  direct  worker;  Bw  ** 
direct  wage  burden  per  hour;  t  =  time  in  hours  of  direct  machine) 
R  =  rate  per  hour  of  direct  machines;  Br  =  machine  burd^  P* 
hour.    These  costs  may  be  either  standard  or  actual. 

As  to  each  of  the  seven  main  classes  of  costs,  three  direct  and  i(^ 
indirect,  there  are  four  efficiencies,  price,  supply,  distribution, «*• 
If  P  or  TF  or  /2  is  above  market  rate,  there  is  inefficiency  of  pri** 
J{  Q  OT  T  OT  t  is  overabundant,  there  is  inefficiency  of  supply.    If  high- 


DISCUSSION  555 

priced  P  or  W  or  JB  is  used  when  low-priced  would  have  answered, 
there  is  inefficiency  of  distribution.  If  Q  or  7  or  ^  is  wastefuUy 
applied,  there  is  inefficiency  of  use. 

These  four  efficiencies  are  in  dependent  sequence.  In  a  given  case, 
railroad  time  tables,  let  us  assume  an  excessive  cost  of  printing, 
efficiency  of  price,  90  per  cent;  an  over-supply  printed,  efficiency  of 
supply  80  per  cent;  thick  and  comprehensive  time  tables  distributed 
where  abbreviated  local  tables  would  have  answered  the  purpose, 
efficiency  of  distribution  60  per  cent;  twice  as  many  time  tables 
taken  by  travelers  as  they  really  need,  efficiency  of  use  50  per  cent. 
The  end  efficiency  is  90X  80X60  X  50  =  21.6  per  cent. 

As  to  labor  and  machine  cost,  I  have  known  efficiency  of  use  to  be 
as  low  as  1.25  per  cent,  owing  to  four  subsidiary  efficiencies  in  depend- 
ent sequence.  The  stroke  of  the  machine  was  three  times  too  long, 
its  speed  was  only  30  per  cent  of  what  was  proper,  the  feed  was  1/64 
when  it  ought  to  have  been  1/16,  and  four  cuts  were  taken  where  two 
ou^t  to  have  been  enough,  resulting  in,  0.33  X  0.30  X  0.25  X  0.50  = 
1^  per  cent. 

This  formula  applied  throughout  permits  bringing  home  to  the 
person  responsible  every  item  of  inefficiency  wherever  occurring;  and 
when  standards  are  established  and  reliable,  immediate,  adequate 
records  show  the  degree  of  approach  to  standards,  there  is  no  excuse 
for  any  avoidable  inefficiency.  If  the  fireman  is  instructed  to  keep 
the  steam  gage  at  160  lb.  and  the  gage  confronts  him  every  minute 
of  the  time,  he  will  generally  maintain  the  standard.  Similar  reliable, 
nnmediate  and  adequate  efficiency  gages  are  provided  for  every 
worker  up  to  the  president  or  board  of  directors. 

« 

The  Author.  Special  emphasis  should  be  given  to  Mr.  Stimpson's 
statement  that  accounting  records  should  parallel  the  directions 
given  by  the  management  to  the  various  departments.  If  these 
instructions  are  not  clear,  they  should  be  made  clear.  If  the  manage- 
ment is  directing  along  incorrect  lines,  it  should  change  its  direc- 
tions. All  of  the  orders  and  instructions  under  which  work  is  carried 
on  in  the  factory,  should  be  controlled  by  accounting  divisions.  The 
factory  order  with  its  cost  sheet  serves  as  an  illustration.  Instruc- 
tions are  given  to  the  factory  to  complete  certain  work,  and  the  cost 
sheet  shows  the  progress  of  the  work  to  its  completion. 

The  expense  distribution  system,  described  in  the  paper,  embodies 
the  various  records  of  the  operations  of  the  factory  as  a  whole.  The 
several  burden  accounts,  such  as  power,  heat,  light  and  repairs,  pro- 
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vide  for  comparison  of  the  actual  cost  of  the  items  of  expense  as 
incurred,  with  the  schedule  or  budget  prepared  as  a  standard.  The 
success  or  failure  of  the  man  in  charge  of  each  department,  like  the 
chief  engineer  with  respect  to  the  power  plant,  is  shown  by  the  bal- 
ance to  the  credit  or  debit  of  his  department. 

Mr.  Franklin,  in  suggesting  the  adoption  of  a  method  of  expense 
burden  distribution  simple  enough  to  be  accepted,  rather  than  a 
method  which  is  correct,  is  in  line  with  the  arguments  which  meet 
the  accountant  continually  in  his  endeavor  to  introduce  better  systems 
of  accounting  in  connection  with  factory  work.  Accurate  bookkeep- 
ing always  requires  care;  the  carelass  bookkeeper  has  no  trouble  m 
putting  figures  in  his  books,  because  he  has  not  set  before  himself 
the  standard  of  perfection.  It  is  absurd  to  use  any  method  of  dis- 
tributing expense  burden  that  does  not  put  the  burden  where  it 
belongs.  If  the  object  of  the  system  is  merely  to  close  the  expense 
account,  a  simple  balance  entry  transferring  the  total  expense  to  the 
profit  and  loss  account  is  enough  to  satisfy  accounting  requirement*. 
But  the  thing  which  is  needed  is  a  detailed  profit  and  loss  account, 
showing  the  true  gross  cost  of  each  piece  of  work  done,  and  the  true 
net  selling  price  received  for  the  item  of  work.  The  same  holds  if 
not  the  individual  costs  and  selling  prices.  Only  the  totals  of  the 
items  making  up  a  class  of  sales  are  required  separately.  In  a  fac- 
tory making  a  diversified  product,  it  is  highly  important  for  the  man- 
agement to  know  whether  an  extra  large  repair  force  and  power  cost 
in  any  one  department  are  covered  by  the  receipts  of  that  depart- 
ment, or  whether  the  factory  is  running  in  one  place  at  a  loss  and  ib 
another  place  at  a  profit. 

Any  disturbance  in  existing  conditions,  such  as  a  cut  in  prices  in 
one  line  of  product  manufactured,  may  cause  the  net  profit  of  the 
works  to  disappear;  and  the  cost  system  should  be  capable  of  show- 
ing cause  and  effect  in  such  a  case,  without  requiring  the  managC" 
ment  to  go  out  with  a  shovel  and  clear  away  the  debris  to  find  the 
cause  of  the  explosion  after  it  has  occurred  and  the  previously  profit" 
able  operation  has  turned  out  a  heavy  loser. 

The  addition  of  interest  on  investment  in  machinery,  to  the  cos* 
of  work  done  by  the  machinery,  does  not  compel  the  manufacturer 
to  be  satisfied  with  a  small  profit.  The  term  profit  is  used  to  cover 
a  variety  of  meanings.  Mr.  Franklin  appears  to  have  in  mind  here 
the  profit  measured  by  the  difference  between  the  gross  maaufact\a- 
ing  cost  and  selling  price.  If  the  factory  is  to  pay  dividends  on  in- 
vested capital,  they  should  be  earned  by  the  equipment  Tepreeented 
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the  investment.  If  $5000  worth  of  capital  is  represented  in  a 
ing  mill,  it  should  pay  the  interest  on  the  $5000.  Interest,  which 
ibis  case  is  equivalent  to  dividends  on  the  stock  value  represented, 
tntirely  aside  from  the  extra  profit  from  which  it  is  hoped  either 
compensate  for  previous  losses,  to  increase  the  surplus  account, 
to  pay  extra  dividends. 

nterest  on  floating  investment,  however,  should  not  be  included 
burden  charge  for  the  use  of  shop  equipment.  If  the  floating 
estment  can  be  identified,  as  for  instance  the  value  of  a  stock  of 
(per  tubes  kept  for  use  of  the  condenser  department,  it  would  be 
'  to  include  a  charge  for  interest  on  the  normal  tube  stock,  in  the 
•ense  charge  of  the  department.  If,  however,  the  stock  carried 
or  the  benefit  of  the  works  as  a  whole,  and  cannot  be  divided  into 
tions  belonging  to  the  departments  separately,  then  interest  on 
floating  investment  becomes  a  charge  to  the  general  profit  and 
i  account,  and  is  as  indistributable  as  management  expense. 
t  is  not  intended  that  all  general  expenses  shall  be  distributed  per 
cbine  hour  cost.  The  $10,000  assumed  in  the  table  represents 
expense  of  the  shop  or  works  management,  as  separated  from 
general  administrative  expense.  The  point  made  here  is  that 
salary  of  the  superintendent  and  his  office  force  is  fairly  charge- 
e  to  the  work  which  the  superintendent  and  his  force  perform. 
is  work  is  the  maintenance  of  the  factory,  the  repair  and  upkeep 
machinery,  the  supervision  of  the  workmen,  and  other  details  of 
tory  management,  and  the  value  of  the  work  done  by  the  super- 
indent  and  the  office  force  is  represented  by  the  total  expense 
den.  If  it  costs  $10,000  to  supervise  the  expenditure  of  $100,000 
the  maintenance  of  the  factory  operation,  the  smaller  sum  may 
correctly  distributed  as  10  per  cent  added  to  the  larger, 
i^xecutives  are  indeed  careless  about  watching  the  figures  which 
^the  success  or  failure  of  their  work;  but  this  is  not  an  argument 
less  figures,  but  for  more  watchfulness.  Some  managers  watch 
king  but  their  cash  balance,  and  are  unable  to  determine  why 
balance  increases  or  diminishes.  Others  depend  on  armual  state- 
its  to  show  them  the  progress  of  their  affairs,  though  these  state- 
its  are  belated  records  of  what  has  been  done  and  forgotten  months 
)re.  By  all  means  let  us  give  the  manager  a  statement  of  results 
Jl  departments  under  his  control,  and  insist  that  he  shall  watch 
16  statements  and  act  upon  the  information  provided. 
[r.  Hathaway  is  in  full  accord  with  the  best  accounting  practice 
pproving  the  charging  of  selling  expense  into  the  product  at  the 
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time  of  sale.  There  is  no  justification  for  charging  the  cost  of  prodoet 
with  selling  expense  which  has  not  been  incurred.  Product  placed 
in  stock  is  not  yet  sold,  and  the  cost  of  selling  it  is  yet  to  be  paid  bm 
the  profits  realized  from  its  sale.  Product  in  stock  should  cany 
manufacturing  cost  only,  and  this  should  not  be  inflated  by  adding 
the  loss  due  to  slack  production,  when  under  unfortimate  conditions 
the  shop  must  be  run  at  short  capacity. 

It  is  not  intended  that  all  indirect  expense  shall  be  charged  oS 
monthly,  but  only  that  the  monthly  schedule  shall  be  written  into 
the  burden  distribution  account.    In  making  up  a  correct  statement 
of  conditions,  the  indirect  expense  chargeable  to  work  in  progress 
should  be  taken  into  the  accoimt.    If  at  a  certain  time  there  is  an 
unusually  large  amount  of  unfinished  work,  or  work  finished  but 
awaiting  shipment,  present  in  the  shop,  this  work  as  far  as  the  factory 
is  concerned  has  received  the  benefit  of  the  factory  operation,  and 
should  carry  its  proportion  of  expense  burden.    It  would  be  proper 
if  work  is  sold,  but  held  for  delivery,  to  charge  in  the  selling  expense 
burden  on  such  work  in  making  a  formal  annual  statement,  but  oi& 
narily  the  quantity  of  work  which  is  physically  present  in  the  factory 
and  yet  has  already  been  sold  and  so  is  chargeable  with  selling  expense 
is  very  small. 

Mr.  Kent  is  correct  in  calling  attention  to  the  fact  that  overhead 
burden  should  be  distributed  to  the  departments  concerned  as  far 
as  possible  before  distributing  it  through  the  machine  rates.  "VMier- 
ever  it  is  possible  to  diflferentiate  the  overhead  expense  belonging  to 
departments,  each  department  should  be  charged  with  its  own  share 
of  expense.  In  connection  with  distribution  of  superintendence 
charges  as  outlined  above,  the  salary  of  the  foreman  of  Departmnit 
A  is  charged  into  the  expense  of  that  department.  If  Department 
B  requires  an  extra  cost-keeping  force,  due  to  the  character  of  its 
work,  the  cost  of  this  force  should  be  charged  into  the  expense  of  that 
Department,  and  so  forth. 

Mr.  Emerson,  with  his  well-known  power  of  analysis,  ha<s  reduced 
the  principles  of  cost-keeping  to  a  formula  which  is  clear  and  concise. 
It  should  be  noted  that  some  of  the  quantities  in  his  cost  formula 
can  often  be  added  together  without  changing  the  total;  for  instance. 
the  wage  burden  and  the  machine  burden  in  cases  where  a  certain 
machine  is  operated  by  a  man  at  definite  wages,  and  cannot  run 
without  this  man's  attention. 

Standards  for  operation  are  most  important  in  factory  manage- 
ment, and  the  correct  cost-keeping  system  provides  these  standards. 
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he  fireman  will  not  look  at  the  steam  gage,  a  danger  signal  may 
provided,  but  the  point  is  to  make  him  look.  If  the  manager  of 
ictory  installs  a  comprehensive  cost-keeping  system  and  fails  to 

the  information  which  the  system  places  at  his  command,  he 
I  only  himself  to  blame  if  he  does  not  take  the  trouble  to  look  at 

gage  dial. 


No.  1327 

STANDARD  CROSS-SECTIONS 

Bt  H.  db  B.  Pabsonb,  New  York 
Member  of  the  Society 

The  advantage  of  a  uniform  method  for  cross-sectioning  drawings 
8o  &s  to  indicate  graphically  the  materials,  is  so  obvious  that  it  needs 
^o  a,]rgument.  For  some  years  the  tendency  has  been  in  this  direc- 
**^ii,  ^th  the  result  that  many  materials  are  represented  on  drawings 
"y  substantially  uniform  methods  of  cross-sectioning. 

2  The  author  suggests  that  this  Society  promote  this  question  of 
™^  xxae  of  uniform  methods  for  indicating  materials  on  engineering 
pl&iX3^  and  to  this  end  supplements  this  paper  with  a  sheet  of  typical 
®^^^clard  cross-section  designs  (Fig.  1). 

^       Communications  were  sent  by  the  author  to  engineers,  manu- 

*^'tvuers,  engineering  societies  and  others  having  occasion  to  make 

^'^^SHsectional  drawings,  in  the  United  States,  England,  France 

T^^  Germany,  asking  that  they  submit  the  standards,  if  any,  used  by 

/^^**x.    The  replies  were  given  to  the  writer's  assistant,  Mr.  David 

•    Johnson,  who  tabulated  them  and  prepared  the  accompanying 

^^"t  of  standard  sections  (Fig.  1),  so  that  they  might  agree  so  far  as 

**^^^ible  with  the  standards  now  in  use. 

^       It  is  not  practical  to  indicate  every  material  by  standard  cross- 

^"^ioning,  because  there  are  so  many  alloys  and  materials  of  like 

^^Vxje  which  can  always  best  be  defined  by  lettering  on  the  drawing. 

.^       The  author  believes  that  such  a  standard  form  as  the  one  sub- 

.  *'^'fc^  would  meet  all  requirements  and  create  uniformity  in  prac- 

^^    which  would  be  very  desirable.    Many  have  adopted  standards 

_^    "••lieir  own,  but  it  would  seem  to  be  better  if  the  same  standards 

used  by  all. 


^*^*'^eented  at  the  Annual  Meeting  1912,  of  The  American  Society  of  Mb- 

^^^>tICAL  EnGINEBBS. 


STANDARD  CHOSS-SECTIONS 
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F.  DbR.  Furbian.  I  would  like  to  ask  Mr.  Parsons  whether,  Id 
communicating  with  the  different  firms  and  engineers  about  the 
country,  he  got  many  replies  indicating  that  tinting  by  pencil,  carbon, 
or  brush  was  used  instead  of  cross-hatching  for  showing  sections? 
I  ask  the  question  because  several  times  during  the  past  few  years 
I  have  gone  to  diflferent  parts  of  the  country  to  get  information  regard- 
ing drafting-room  practice  with  a  view  to  adopting  a  method  of 
instruction  for  students  in  our  drafting  room.  It  seemed  to  me  that 
there  was  considerable  departure  from  the  use  of  standard  cross- 
sections,  and  that  tinting,  or  smearing  as  it  is  sometimes  called,  was 
often  used. 

Another  thing  that  I  noted  in  coimection  with  my  inspection 
tripe  was  that  while,  as  it  has  been  stated,  different  offices  use  different 
n^hods  for  representing  the  various  materials,  I  foimd  in  several 
cities  that  many  of  the  drafting  rooms  in  that  locality  showed  a  cer- 
twn  conformity  in  their  drafting-room  standards.    It  was  generally 
^6  case  that  each  community  had  some  leading  old  established  manu- 
facturing plant  in  which  many  of  the  present  day  independent  manu- 
'^Urers  had  had  their  early  training,  and  these  men  had  evidently 
^^^ed  with  them  into  their  new  work,  the  drafting-room  methods 
^'  their  early  experience.     For  example,  in  Providence  I  found  that 
?^^y  of  the  concerns  there  used  practically  the  same  standards. 
^  ixi  bringing  this  matter  to  a  uniform  standard,  it  might  not  be  a 
?^Gstion  so  much  of  bringing  together  the  methods  of  different  manu- 
^^^Virers  generally  as  of  bringing  together  the  methods  employed 
1^   ^oups  of  manufacturers,  thus  making  much  easier  the  matter 
^^andardization . 

^^"'i'om  the  point  of  view  of  an  instructor,  I  would  like  to  see  the 
ety  adopt  some  standard  convention  for  cross-sections. 


[E  Author.  In  the  replies  to  the  inquiry  sent  out,  there  was 
^t'ormity  up  to  a  certain  point.  In  Europe  the  prints  are  col- 
^^  with  water  colors,  generally  using  black  and  white  prints.  A 
iing  colored  with  crayon  will  not  show  on  a  blueprint  or  on  a  black 
white  print,  but  leaves  the  shaded  part  looking  dirty.    Smearing 
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with  pencil  makes  a  nice  record  on  the  blueprint,  but  dist 
marking  can  not  be  made  by  this  method. 

In  reply  to  a  question,  the  Navy  has  a  standard  for  hatchi 
coloring,  similar  in  many  respects  to  those  suggested  by  the 
although  coloring  is  used  only  in  exceptional  cases  and  of  lat 
has  practically  been  abandoned. 

If  a  standard  method  of  indicating  the  material  on  cross-E 
could  be  adopted  luiiversally,  it  would  be  a  great  assistanc 
having  occasion  to  read  mechanical  drawings.  It  would  cs 
additional  labor  as  it  is  as  easy  to  draw  one  style  of  sectioi 
another. 
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engineers  have  held  the  opinion  that  eventually  much  larger 
boilers  will  be  used  than  those  in  service.  The  size  of  turbo- 
efe  Citric  generating  sets  has  increased  with  rapid  strides  and  it  might 
8^^»xx  that  an  increase  in  the  size  of  boilers  would  naturally  follow. 
TFi^r«  has  been  a  strong  feeling,  however,  that  it  would  be  unwise 
to  €*mploy  very  large  boiler  units,  as  a  failure  of  one  of  the  large  units 
wc>u.l<i  throw  out  of  use  a  much  greater  proportion  of  power  than  the 
fadlxxx^  of  a  smaller  unit. 

2     Each  of  the  boilers  described  in  this  paper  is  required,  in  the 

all— day  practice  of  the  power  plant,  to  carry  a  load  of  6000  kw.  and  in 

tb^    evening  to  carry  7000  or  8000  kw.    The  experience  in  regular 

's^^'^VT.ce  of  18  months  with  the  first  boiler  and  of  nine  months  with  the 

seooiiid  and  third  boilers  has  proven  this  to  be  good  practice.    The 

'^'^l^^ci  capacity  of  each  boiler  is  2365  h.p.  on  the  basis  of  10  sq.  ft.  of 

"^^l^i"  heating  surface  per  horsepower.    Fourth   and  fifth   boilers 

**^  Txow  being  erected  and  it  is  expected  to  complete  the  installation 

"t^Ji  boilers  of  this  size  within  the  next  two  years. 

,^      The  engineering  world  is  greatly  indebted  to  the   Detroit 

^xx  Company  and  to  Alex  Dow,  its  general  manager   and  a 

jr  of  this  Society,  for  pioneer  work  in  installing  boilers  of 

^    Or  three  times  the  capacity  of  the  largest  boilers  heretofore 

^;^»  and  for  the  opportunity  of  conducting  the  most  elaborate  and 

*^^*^staking  series  of  tests  ever  made  on  a  lK)iler.    The  preliminary 

.   ^  *^gular  tests  required  that  the  boiler  room  of  a  large  power  house 

.  ^tlcier  the  control  of  the  observers  for  nearly  three  months,  and  for 

'^eeks  over  60  men  worked  in  eight-hour  shifts,  night  and  day, 

^^Uaively  on  the  tests.     All  the  water  and  coal  was  accurately 

^^^Qentedat  the  Annual  Meeting  1911,  of  The  American  Society  of  Me- 
^^ioal  Enginbbbs. 
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weighed,  and  much  work  was  done  about  the  plant  to  avoid  the  pofcf^^' 
bility  of  leakage  affecting  the  results.    The  magnitude  of  the  under- 
taking may  be  appreciated  when  attention  is  drawn  to  the  total  quan- 
tities measured,  which  were  as  high  as  an  average  per  hour  of  eighttons 
of  coal,  75  tons  of  feedwater  and  one  ton  of  ashes,  the  totals  amount- 
ing to  about  5000  tons  of  coal  weighed  and  45,000  tons  of  water. 

4    The  tests  were  run  under  the  direct  supervision  of  the  writer, 
assisted  by  men  chosen  from  the  engineering  staff  of  The  Babcoek  A 
Wilcox  Company.    In  addition  to  the  men  furnished  by  the  Detoit 
Edison  Company,  The  Solvay  Process  Company  provided  a  number 
of  observers.    Their  experimental  engineer,  Lewis  C.  Rogers,  cofipei^ 
atcd  in  securing  the  results  and  rendered  most  valuable  assistance. 
Westinghouse,  Church,  Kerr  &  Company  codperated  in  designing 
apparatus  and  in  making  arrangements  for  the  tests  and  was  repre- 
sented in  the  tests.    The  Solvay  Process  Company  made  heat  deter- 
minations and  analyses  of  the  coal  used  in  each  test,  and  of  the  ashes.    |.i^ 
Duplicate  samples  were  taken  and  the  work  was  done  a  second  time 
in  the  laboratory  of  The  Babcoek  &  Wilcox  Company.    The  average 
of  the  results  secured  by  the  two  laboratories  was  used  in  working  up 
the  tests.    The  tanks  for  weighing  the  water  had  each  a  capacity  of    lir 
20,000  lb.    Three  such  tanks  and  scales  were  provided,  two  being    l| 
used  regularly  and  the  third  held  for  a  spare  in  case  any  irregularity 
developed  in  cither  of  the  other  two.    The  coal  was  weighed  by  naeans 
of  four  special  scales  carrying  overhead  hoppers,  each  of  abou* 
2500  lb.  capacity.    The  coal  was  conducted  from  the  regular  chutes 
into  the  hoppers,  which  were  provided  with  hinged  bottoms  held  i^ 
place  by  latches. 

5    Two  series  of  tests  were  made,  one  on  a  boiler  fitted  with  Ron^y 
stokers,  the  other  on  a  boiler  fitted  with  Taylor  stokers.     FroX^^ 
and  side  views  of  the  former  are  shown  in  Figs.  1  and  2.    Fig.  3  sho^** 
a  side  view  of  the  boiler  fitted  with  Taylor  stokers.     Four  Ron^y 
stokers  were  used  in  the  furnace,  two  being  at  the  front  and  two  ^^ 
the  rear  of  the  boiler.     There  was  a  low  division  wall  between  1 1*^ 
stokers,  and  between  the  two  sets  of  stokers  a  bridge  wall.  The  Tayl^^^ 
stokers  had  13  retorts  on  the  front  side  and  13  on  the  rear,  or  26inafcJ^' 
The  retorts  on  each  side  were  set  in  a  continuous  row  so  as  to  provi^^ 
an  unbroken  fire  surface  from  one  side  of  the  boiler  to  the  other.  Th^^^ 
was  no  bridge  wall  between  the  stokers,  and  when  the  dumpi^^ 
plates  at  the  rear  of  each  of  the  Taylor  stokers  were  covered  with  fa^^' 
there  was  a  continuous  fuel  bed  beneath  the  entire  boiler.    The  wid*^** 
of  the  furnace  from  one  side  to  the  other  of  the  boiler  was  about  Z^i 
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ft.;  and  the  depth  of  the  furnace  from  the  front  to  the  rear  of  the  boiler 
about  14  ft.  The  height  of  the  furnace,  measured  above  the  dumping 
grates  to  the  top  of  the  first  baffle,  was  about  29  ft.  The  large  fur- 
nace volume  combined  with  the  particular  form  and  height  of  the 
furnace  had  much  to  do  with  obtaining  the  high  efficiencies.  Tia 
will  be  treated  more  fully  in  Par.  13. 

6  The  boilers  were  built  by  The  Babcock  &  Wilcox  Company. 
Each  boiler  contained  23,654  sq.  ft.  of  effective  boiler  heating  surface 
and  was  provided  with  superheaters  for  supplying  approximately 
150  deg.  of  superheat.  The  grate  surface,  measured  from  the  begin- 
ning to  the  rear  of  the  dumping  grates  was  446  sq.  ft.  for  the  Rcmey 
stokers  and  405  sq.  ft.  for  the  Taylor  stokers.  This  method  of  meas- 
urement is  not  that  usually  employed  in  determining  the  grate 
surface  of  an  underfeed  stoker,  but  it  was  used  in  order  to  obtain  com- 
parative figures  for  the  two  stokers. 

7  The  design  and  installation  of  the  plant  and  the  general 
arrangement  of  the  boilers  and  piping  were  under  the  charge  of 
Westinghouse,  Church,  Kerr  &  Company.     This  firm  designed  the 
arrangement  of  the  furnace  brickwork  for  both  the  Taylor  and 
Roney  stokers;  supervised  the  construction  and  followed  up  and 
corrected  the  minor  defects  which  developed.    Their  engineeiinE 
w  ork  ill  this  connection  involved  the  solution,  on  a  large  scale, 
of  the  problems  which  have  always  been  troublesome  to  furnace 
designers,  and  it  also  involved  the  working  out  of  special  method^ 
of  construction  demanded  by  the  exceptionally  high  furnace  tem- 
l>eratures.     The  ability  of  Westinghouse,  Church,  Kerr  &  Company 
to  meet  and  dispose  of  the  furnace  and  stoker  problems  which  were 
anticipated  and  which  arose  was  an  important  factor  in  determinin^^ 
both  the  makers  and  the  users  of  boilers  to  undertake  the  new  depsi^' 
ture.    Westinghouse,  Church,  Kerr  &  Company  also  codperated  "^^ 
working  out  many  of  the  construction  details.     This  work  and  1 1  >^ 
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general  arrangement  of  the  apparatus  for  the  tests  was  under 
charge  of  Henry  0.  Pond,  to  whom  the  author  is  indebted  for  valual^ 
assistance. 

8  In  the  development  of  the  large  units  at  Detroit,  Mr.  Do 
expected  an  increase  in  economy  due  to  minimizing  the 
losses,  and  to  the  high  temperature  obtainable  in  the  large  fumac^^ 
and  combustion  chamber.  He  also  expected  a  reduction  in  the  fir^^ 
cost,  not  on  account  of  a  reduced  cost  per  unit  of  boiler  surface,  bi^--^ 
to  a  less  cost  of  the  settings,  floor  space,  suspension  structured - 
valves  and  ))i))ing.  Troubles  through  brickwork  were  antidpater^ 
and  there  were  troubles  which,  in  the  main,  have  been  overcome  ^ 


.   8.    JACOBDS 


571 


9  Another  most  important  feature  that  had  to  be  comddered  witl) 
so  large  a  boiler  unit  was  the  possibility  of  tube  troubles.  In  dealing 
^rith  this  point  Mr.  Dow  inferred  that  their  experience  at  the  plant 
^^th  thefeedwater  used  in  connection  with  boilers  of  a  similar  general 
tJTe,  warranted  the  conclusion  that  they  should  have  practically  no 
t*"CDuble  with  the  tubes.  This  has  been  borne  out  by  the  experience 
WiT."th  the  boilers  in  actual  service. 

10  Mr.  Dow  credits  his  friend,  Mr.  W,  H.  Patchell,  with  the  first  idea 
«>*"  the  possibilities  of  large  boilers.  The  boilers  and  settings  at  Detroit 
*i-»fier  greatly  from  those  installed  by  Mr.  Patchell  where  two 
'^^i^ilers  each  of  10,850  sq.  ft.  of  heating  surface  were  mounted  over 
**■      single  furnace,  but  Mr.  Dow  says  that  to  him  is  due  the  first  con- 
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.^^l*^ion  of  the  economical  possibilities  of  the  large  units  and  the  capac- 
*y    obtunable  through  utilizing  the  whole  floor  area  for  the  furnace. 

^3  A  r&um4  of  the  results  obtained  is  given  in  Tables  1  and  2 
^*  "tie  Appendix.  Table  1  contains  the  results  of  tests  of  the  boiler 
'^**-  with  Roney  stokers,  and  Table  2  of  a  boiler  run  with  Taylor 
^^^Isers.     JIgB.  4  and  5  show  the  results  of  these  tests  graphically. 

*-3  It  will  be  seen  on  examining  the  tables  and  figures  that  the 
^^**abined  efficiency  of  the  boiler  and  furnace  varies  from  about  80 

*■  cent  at  slightly  below  rating,  to  about  76  per  cent  at  double 
*-^**g.    In  obtaining  these  efficiencies,  the  steam  used  for  driving 

^  itokers  and  for  producing  the  forced  blast  for  the  Taylor  stokers 
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has  not  been  deducted  from  the  total  steam  generated  by  the  bola. 
The  amount  of  steam  used  by  the  Honey  stokers  was  about  1)  p« 
cent  of  the  total  steam  generated  by  the  boiler,  and  for  tite  Tiykt 
stokers  about  2^  to  3  per  cent.  The  effect  that  this  steam  wouldban 
on  the  plant  economy  depends  on  the  ability  to  utilise  the  Bfnattai 
heating  the  feedwater.  In  a  plant  where  the  heat  in  the  ate«m  o- 
hausted  from  the  auxiliaries  is  returned  to  the  feedwater  there  would 
be  but  httle  lose.  In  the  case  of  the  Taylor  stokers  all  of  the  exhtul 
steam  from  the  turbines  driving  the  forced-blast  fans  may  be  curied  to 
the  feedwater  heater,  whereas  with  the  Roney  stokers  only  about  1 
of  1  per  cent  of  the  1 J  per  cent  used  may  be  so  retiuned,  ainee  tlie 
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greater  part  of  the  steam  is  used  in  the  jets  which  supply  ate*" 
beneath  the  ignition  arches  of  the  stokers,  and  passes  away  wi" 
the  cnimney  products.  In  a  plant  in  which  the  auxiliaries  are  elec- 
trically driven,  any  power  to  operate  the  forced-blast  apparatus  wouW 
be  a  direct  loss  and,  assuming  ia  the  case  of  the  Taylor  stoker  tW 
the  steam  consumption  corresponding  to  the  current  required  t" 
drive  the  electrical  auxiliaries  is  one-half  of  that  found  in  the  ttfl^ 
the  steam  required  to  operate  each  of  the  stokers  would  be  ebont 
the  same.  It  therefore  follows  that  the  effect  of  the  steam  for'l'"* 
ing  the  stokers  on  the  station  economy  cannot  be  geoeratiied,  W 
that  each  plimt  must  be  considered  by  itself. 
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3  The  efficiencies  secured  are  exceptionally  high,  and  the  ques- 
i  may  be  asked  whether  this  is  due  entirely  to  the  large  size  of 

boiler  units.  A  careful  study  of  the  test  data  shows  that  the 
aeades  were  obtained  with  the  most  economical  furnace  condi- 
18  and  that  the  thoroughness  with  which  the  fuel  was  consiuned 
he  furnace  had  much  to  do  with  the  attainment  of  the  high  figures, 
emmining  Figs.  1,  2  and  3,  showing  the  general  arrangement  of 
bdlers  and  settings,  it  will  be  seen  that  the  roof  of  the  furnace  has 
i  shape,  and  that  the  coal  is  fired  at  the  front  and  rear  of  the  boiler 
ang.  With  this  arrangement,  the  character  of  the  combustion 
Y  be  maintained  constant  from  one  side  of  the  boiler  to  the  other, 
1  the  loss  so  often  experienced  through  a  stream  or  lane  of  excess 
or  unconsmned  combustible  gases  passing  through  the  boiler  and 
ipmg  to  the  stacks  will  be  avoided.  Those  conversant  with  the 
ject  know  that  in  ordinary  boiler  furnaces  there  is  a  great  varia- 
1  in  analyses  taken  from  different  points  in  the  path  of  the  flue 
es  leaving  the  furnace,  whereas  with  the  present  furnace  arrange- 
Qt  this  action  is  reduced  to  a  minimum,  as  any  irregularity  from 
front  to  the  rear  of  the  grates  disappears  before  the  gases  pass 
oa  the  upper  part  of  the  combustion  chamber,  and  as  the  composi- 
1  of  the  gases  for  imiform  firing  conditions  will  be  uniform  from 
5  side  of  the  boiler  to  the  other,  or  from  right  to  left  in  Fig.  1,  it 
OWB  that  the  composition  of  the  entire  volume  of  the  gases  leav- 
the  furnace  will  be  substantially  imiform. 

4  A  straight  reference  line  is  drawn  in  Figs.  4  and  5  in  order 
t  the  results  obtained  by  the  two  stokers  may  be  readily  com- 
^,  this  line  being  the  same  on  both  diagrams.  It  will  be  noted 
•t  the  test  results  fall  on  both  sides  of  the  line,  and  that  the 
ciency  obtainable  with  each  stoker  is  about  the  same.  Naturally 
urve  should  be  used  instead  of  a  straight  line  to  show  the  varia- 
1  in  the  efficiency,  but  the  accidental  variation  in  the  test  results 
Uch  that  it  would  be  impossible  to  trace  an  exact  curve. 

5  On  examining  Fig.  4,  it  will  be  seen  that  the  efficiencies,  where 
eral  tests  are  worked  out  together,  including  the  periods  between 
tests,  are  only  about  IJ  per  cent  lower  than  would  be  indicated 
avera^g  the  results  for  the  separate  tests  by  passing  a  straight 

between  the  points.  The  same  follows  for  the  tests  which  are 
ked  up  together  for  the  Taylor  stoker.  This  shows  that  includ- 
the  periods  between  the  tests,  during  which  the  dust  was  blown 
a  the  exterior  of  the  tubes  and  the  firing  was  not  watched  as  care- 
>^  as  it  was  dming  the  tests,  did  not  greatly  lower  the  efficiency. 
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It  was  proposed  at  first  to  run  a  test  of  a  week  or  more  on  each  ol 
the  stokers,  but  this  plan  was  abandoned,  since  there  was  trouble 
t  hrough  leakage  in  the  feed  pump  which  made  it  necessary  to  shut 
down,  and  on  reconsidering  the  matter  it  was  deemed  advisable  to 
give  up  running  as  long  a  test  as  this  since  it  developed  that  a  week 
\\ould  be  too  long  a  period  to  run  without  blowing  dowTi  the  boilers. 
Test  No.  15,  with  the  Taylor  stoker,  included  a  banking  period  of  7} 
hours.  It  will  be  noted  that  the  efficiency  including  the  banking 
period  is  about  75  per  cent.  The  capacity  of  the  boiler  for  each  hour 
of  this  test  is  shown  in  Fig.  6. 

16  It  will  be  seen  (Figs.  4  and  5)  that  the  average  amount  of 
steam  used  for  driving  the  Koney  stoker  was  about  IJ  per  cent  at 
all  loads,  and  that  it  varied  from  about  2^  per  cent  at  rating  to  about 
3  j)er  cent  double  rating  for  the  Taylor  stoker.     Saturated  st«im 
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KiG.  G    Capacity  of  Boiler  with  Taylor  Stoker  for  each  Houb  or  i 
Test  where  the  Fires  were  Banked  for  7J  Hours 

from  another  boiler  was  used  for  driving  the  auxiliaries.  The  satu- 
rated steam  was  reduced  to  its  equivalent  w^eightof  superheated  steam 
in  deteniiining  the  percentages  above  given. 

17    The  mininuim  length  of  a  regular  test  was  24  hoiirs.   The 
efficiency  for  a  test  of  16^  hours  is  plotted  in  one  diagram.     In  this 
particular  test  a  special  coal  was  used  which  ran  out  and  th^ 
brought  the  test  to  a  close.    Some  of  the  tests  were  of  48  hours*  duriv 
tion  and  over.    A  continuous  record  was  kept  and,  as  stated  in  P^' 
15,  the  efficiency  was  determined  for  periods  embracing  several  of  tJ^ 
tests  including  the  intervals  between  them.    Intervals  were  select^ 
from  some  of  the  tests  and  were  worked  up  to  obtain  comparati'^ 
results.    Figures  derived  in  this  way  are  given  in  Table  3,  and 
will  be  noted  that  there  is  a  substantial  agreement  between  the  resiu^ 
eeeured  in  the  regular  tests  and  the  results  for  the  selected  intuvi^ 
It  noife.  not.  be  inferred  from  this  that  sufficient  accuracy 
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secured  by  shortening  the  length  of  the  tests.  The  tests  reported 
this  paper  were  made  after  a  painstaking  series  of  preliminary 
fts  with  both  of  the  stokers,  and  the  operators  were  well  trained  in 
tintaining  uniform  conditions.  Twenty-four  hours  is  none  too 
ig  an  interval  for  obtaining  accurate  results  with  an  underfeed 
iker  of  the  class  tested,  as  one  can  readily  appreciate  when  his 
lention  is  called  to  the  fact  that  the  generation  of  steam  will 
itinue  after  no  more  coal  is  fed  to  the  furnace  with  but  little 
Ference  in  the  appearance  of  the  fire.  There  is  no  method  for 
asuring  the  fire  except  sizing  it  up  with  the  eye,  as  one  must 
m  an  estimate  of  the  amount  of  clinker  present.  One  of  the 
orators  at  the  plant  was  earnest  in  his  opinion  that  the  fires  as 
anced  up  by  the  author  for  the  Taylor  stoker  contained  from  2J 
5  tons  more  coal  at  the  end  of  a  test  than  at  the  beginning,  a 
itention  that  was  shown  beyond  doubt  to  be  in  error  by  the  heat 
ances.  This  goes  to  show  how  far  the  estimates  of  the  amount  of 
i  may  affect  the  results  and  that  consequently  there  is  great 
iger  of  obtaining  erroneous  figures  in  short  tests.  Where  the  fire 
y  be  kept  in  a  comparatively  uniform  condition,  as  in  the  Roney 
ker,  it  might  seem  that  the  tests  could  be  shortened,  but  even  in 
!h  cases  the  author  is  in  favor  of  making  24-hour  tests. 
18  Great  care  was  taken  to  prevent  the  possibility  of  leakage 
^ing  the  tests.  All  fittings  where  there  might  be  leakage  were 
tier  blanked  off  or  two  valves  were  provided  with  an  open  drip 
iween  them.  The  boilers  were  tested  with  hydraulic  pressure 
th  before  and  after  the  tests.  Special  leakage  tests  were  also  made 
which  the  hot  boilers  were  completely  filled  with  water  and  the 
1  pressure  maintained  on  the  boilerd  and  feed  mains,  and  in  each 
le  there  was  no  leakage  indicated  in  tests  of  several  hours'  duration. 
i9  Tables  4  and  5  give  the  average  analyses  of  the  flue  gases.  It 
I  be  seen  that  the  furnace  eflSciency  was  exceptionally  high  for 
h  of  the  stokers. 

0  Tables  6  and  7  give  the  analyses  of  the  coal  and  the  heats  of 
ibustion  as  determined  in  the  laboratories  of  The  Solvay  Process 
i^any  and  The  Babcock  &  Wilcox  Company,  as  well  as  the 
ragB  figures  used  in  computing  the  results  of  the  tests. 

1  Table  8  gives  a  comparison  of  the  results  secured  for  the  heat 
mbustion  of  the  coal  as  determined  in  The  Solvay  Process  Com- 
y  laboratory  and  in  the  laboratory  of  The  Babcock  &  Wilcox 
iqMliy*  In  this  table  the  values  are  worked  out  per  pound  of 
dbuctable,  the  percentage  of  ash  in  each  case  being  that  determined 
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by  the  individual  laboratory.  Tlie  lieat  of  combuation  per  pound 
of  combustible,  computed  from  the  results  of  the  ultimate  analyse! 
made  by  the  two  laboratories,,  is  given,  and  it  may  be  seen  that  the 
figures  obtained  by  the  oxygen-bomb  calorimeter  correspoad  vctj' 
closely  with  tlie  computed  ones.  The  coal  samples  were  obtuued 
hy  taking  a  small  amount  of  coal  each,  time  it  was  weighed  and  ^itn- 
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ing  it  ia  a  covered  air-tight  receptacle.  Smaller  samples  for  the 
two  laboratories  were  obtained  independently  from  the  large  sample 
of  coal  collected  during  the  test  and  the  results  of  the  two  labon- 
toriea  were  therefore  influenced  by  any  variation  in  the  smaller  MO- 


9  to  11,  inclutuve,  contain  the  average  test  data  iti 
for  the  tests  with  the  Roney  stoker,  and  T«lil» 
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14,  inclunve,  the  average  test  data  and  computed  results  for 
its  with  the  Taylor  stoker. 

Tables  15  and  16  ^ve  the  results  of  heat  balances.  Two  sets 
t  balances  were  made,  one  applying  to  the  gases  after  they 
e  boiler  dampers,  and  the  other  to  the  gases  at  the  top  of  the 

pass  directly  beneath  the  boiler  dampers.  The  analyses  of 
Ks  after  leaving  the  boiler  dampers  were  made  with  an  Orsat 
,tus,  the  samples  of  gas  being  obtained  from  the  middle  points 
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Sues.  The  temperature  of  the  gases  directly  beneath  the  boiler 
-IB  St  the  top  of  the  second  pass  was  determined  by  means  of 
eal  couples,  two  sets  being  usod  at  each  side  of  the  boiler, 
utlyses  of  the  flue  gases  at  this  point  were  made  by  a  Hempel 
ibOB,  an  averts  sample  being  obtained  by  drawing  the  gas  from 
ints  at  the  front  and  six  points  at  the  rear  of  the  boiler.  The 
m  drawn  through  the  collecting  piping  with  an  aspirator,  and 
[4e  (rf  the  mixed  gases  was  drawn  into  a  collecting  bottle  for 
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analysis.  Id  order  to  make  sure  that  the  same  wmg^t  of  gas  oatoed 
each  of  the  six  sampling  tubes,  a  throttling  cock  was  adjusted  to 
make  the  suction  on  each  tube  a  given  amount,  as  indicated  by  a 
water  gage.  The  Hempel  apparatus  was  also  used  in  the  way  just 
described  for  analyzing  the  gases  at  the  bottom  of  the  aeoond  pssa 
The  apparatus  for  obtaining  the  average  samples  was  constructed 
liy  The  Solv.iy  Process  Company. 


24  The  results  of  the  heat  balances  show  that  the  average  rw£ar 
tion  and  unaccounted-for  losses  are  only  about  2^  to  3  per  cenC 
There  is  naturally  a  variation  one  way  or  the  other  due  to  accidental 
errors,  but  the  results  are  as  uniform  as  could  be  expected  in  woA 
of  the  sort. 

25  Preliminary  tests  were  first  made  on  the  boil^  with  the  Tay- 
lor stoker.    The  apparatus  was  then  shifted  and  preliminary  testa 
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le  (xa  tiie  boiler  with  the  Roney  atoker.  A  careful  study  of 
■ting  conditionB  Ua  the  best  economy  was  made  in  the  pre- 
tests. The  results  of  the  regular  tests  only  are  (pveu  m 
r. 

iadings  of  temperatures,  pressures,  etc.,  were  takes  every 
'.  The  water  was  balanced  each  hour.  The  coal  weighed 
and  supplied  to  the  hoppers  was  balanced  each  hour  and 
but  no  attempt  was  made  to  obtain  a  correct  coal  balance 


FECIAL    CoNUENmi^It    AND 

Quantity  of  St&am  t 


ii^ioiiiNU  Apparatus  fob  Dbterminino 
)  BY  Stokeb  Auxiliaries 


,  the  beginning  and  ending  of  the  tests,  as  this  necessitated 
he  coal  quite  low  in  the  hoppers  of  the  stokers.  As  soon  as 
were  taken,  a  copy  was  made  on  a  large  sheet  in  the  boiler 
that  those  conducting  the  tests  could,  at  a  glance,  note 
hi  conditions  were  uniform.  Marks  and  Davis  steam  tables 
1  in  working  up  tlie  results. 
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27    Two  views  of  the  special  apparatus  erected  for  weig^ung  the 
feedwater  are  shown  in  Figs.  7  and  8.    Water  from  the  heater  wu 
elevated  by  means  of  a  centrifugal  pump  Bpecifically  provided  fw 
the  purpose  and  discharged  into  tanke  supported  on  special  pltt- 
form  scales.    Two  of  these  tanks  appear  in  fig.  8,  the  third  beiii| 
in  the  shadow  of  the  building.    The  men  weighing  the  water  vat 
protected  from  the  weather  by  a  rough  housing  placed  above  tfae 
level  of  the  tanks,  the  scale  beams  being  inside  this  housing.    Tit 
water  from  the  tanks  ran  into  two  lower  horiaoutal  tanks,  one  of 
which  is  plainly  visible  in  Fig.  7.    The  lower  tanks  were  provided 
with  gage  glasses  and  the  water  was  brought  to  an  jucurate  kfri 
every  hour.    The  water  from  the  lower  tanks  was  pumped  (EitttI; 
into  the  boilers  by  one  of  the  regular  centrifugal  feed  pumpe  Died 
at  the  plant.    Any  leakage  in  the  glands  of  the  pump  was  caught  ud 
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returned  to  the  large  horizontal  tanks  by  a  small  centrifugal  pump. 
Two  of  the  special  hoppers  and  a  portion  of  the  coal-wei^ing  scales 
are  shown  in  Fig.  9.  Fig.  10  shows  a  special  condenser  and  weigtung 
apparatus  erected  for  determining  the  amount  of  steam  used  by  the 
stoker  auxiliaries.  All  scales  were  accurately  calibrated  to  their 
full  capacity  before  and  after  the  tests  of  each  of  the  boilers  by  means 
of  standard  weights. 

28  In  order  to  compare  the  results  with  others  where  high  effi- 
ciencies have  been  secured,  Fig.  11  is  presented.  In  this  figure  the 
straight  line  shown  in  Figs.  4  and  5  is  transferred  and  marked,  Average 
for  Tests  of  Detroit  Boiler.  The  plotted  results  for  individual  tests 
sho\vn  in  Fig.  7,  are  for  tests  made  by  a  Board  of  United  States  Naval 
OfGcers  on  a  hand-fired  Babcock  &  Wilcox  marine  boiler  and  re> 
ported  in  the  Journal  of  the  American  Sodety  of  Naval  En^pneeiv, 
November  1910.      By  combining  the  results  secured  with  the  two 
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boileiB  it  will  be  seen  that  the  e£Soiency  varies  from  about  80  per  cent 
at  an  evaporation  of  3  lb.  per  sq.  ft.  of  heating  surface  per  hour  from 
and  at  212  deg.  fahr.  to  76  per  cent  at  7  lb.,  72  per  cent  at  10  lb. 
aad  60  per  cent  at  14.7  lb.    It  therefore  follows  that  if  the  perfor- 
iQance  of  the  two  boilers  could  be  combinedi  a  boiler  could  be  run 
fiom  about  80  per  cent  of  the  ordinary  rating  to  over  four  times  this 
mtin^,  and  for  most  classes  of  central  power-plant  service  it  would 
b^  possible  to  run  all  of  the  boilers  in  the  plant  all  of  the  time,  thus 
elimii^ting  the  loss  occasioned  through  having  to  carry  a  number  of 
l^oilers  under  banked  fires.    The  writer  is  now  working  on  the  devel- 
opment of  a  boiler  of  this  sort. 
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TABLES  GIVING  DATA  AND  RESULTS  OF  TESTS 

TABLE  1    TESTS  WITH  RONBY  STOKER.    B£8UM£  OF  PRINCIPAL  RESULTS 
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tlnolndlng  periods  between  teata. 


TABIJS  2    TESTS  WITH  TAYLOR  STOKER.    R^SUMfi  OF  PRINCIPAL  RESULTS 


No.  of 
Test 


7 
8 
0 

10 
11 
12 
14 
15t 
7-Ot 
10-111 


Length, 
Hr. 


24 

24 

50 

48 

20.5 

48 

24 

24 
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80.5 


Per  Cent  I 
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B.t.u.  In 
Coal 


'  Per  Cent 
Aah  In  ' 
.Dry  Coal 


Effiolency 


151.2 
107.0 
162.8 
02.0 
211.8 
121.3 
185.5 
123.1 
140.0 
132.8 
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13065 
13008 
14188 
14061 
14010 
14272 
14213 
13083 
14005 
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6.34 
6.75 
0.00 
0.56 
8.00 
8.71 
8.84 
7.22 
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76.84 
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74.00 
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by  Stoker  ^, 
Auxlllarlea*:  ****  ^  ^^ 


2.61 
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2.63 
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17 
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11 
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1 
1 
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• 
5 
0 
1 


676 
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647 


*  Engines  driving  stokers  and  steam  turbine  driving  Ian. 

t  In  test  No.  15  the  fires  were  banked  for  7|  hr.  and  the  averagia  tt^irl^Klt  thla  period. 

X  Including  periods  between  tests. 
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TABLES  GIVING  DATA  AND  RESULTS  OF  TESTS 

TABLE  1    TESTS  WITH  RONBY  STOKER.    B^SUM^  OF  PRINCIPAL  BBSULT9 
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TABIJS  2    TESTS  WITH   TAYLOR  STOKER.    R^SUIffi  OF  PRINCIPAL  RESULTS 


No.  of 
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7 
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Temp,  ol 
Flue 


I  Per  Cent 

Steam  u»dl  ™  ^^'^'^      ,     __^ 
by  Stoker ;  »«'>"«»-     ^JH^ 

Auxlllartea*;  »>>*  ^  ^^ 


2.61 
2.44 
2.87 
2.63 

8.41 
2.57 
2.06 
2.77 
2.68 
8.04 


81.S 
27.1 
11.1 
27.2 
M.l 
27.8 
28.8 
80.6 
30.0 
II. 1 


176 

4n 

674 
487 
•61 
836 


*  Englnee  driving  atokere  and  steam  turbine  driving  Ian. 

t  In  test  No.  15  the  fires  were  banked  for  7|  hr.  and  tha  averagii  in^f^^^  thla  pewlod. 

t  Including  periods  between  teata. 
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TABUS  7    TAYLOR  STOKBR.    COAL  AND  ASH  ANALYSES.  PERCBNTAQES  BY 

WEIGHT 


>.  of  Teat! 


8 


lOil 


10 


IM 


11 


12A 


12B 


12 


II 


14 


15 


7-9t 


0-1 It  ' 


a 


PSOXUATB    AnaLTBIS  OF 

Coal 


£5 1  n 


60.27 
82.09 
61.18 

50.61 
61.64 
61.63 

58.34 
61.25 
59.80 

59.95 
60.32 
60.14 


34.88 
81.35 
33.11 

33.76 
31.15 
32.46 

33.29 
32.63 
32  9S 

33.54 

33.92 
33.73 


57.79 
60.32 
59.06 


35.39 
33.75 
34.57 


iS 

58.80 

34.49 

B 

62  36 

32.47 

A 

60.58 

33.48 

S 

60.05 

B 

63.62 

A 

61.84 

S 

58.82 

B 

62.86 

A 

60.84 

57  59  33.38 
62.10  32.32 
59.84  I  32.85 

33.74 
31.37 
32.55 

83.56 
31  84 
32.70 


60.18 
62.89 
61.54 

59.82 
63.24 
61.53 

61.30 
62.99 
62.14 

59.18 
61.70 
60.44 

58.82 
«1.07 
59.15 


33.16 
31.92 
32.54 

84.34 

32.09 
83.21 

33.24 
31.75 
32.50 

33.65 

32.19 
32.92 

34.12 
33.19 
33.65 


o 


58.98  84.17  1.92 
60.26  33.97  2.20 
59.62   34.07   2  06 


1.76 
2  04 
1.90 

1.70 
2.10 
1.90 

1.90 
2  07 
1.98 

1.76 
2.06 
1.91 

1.83 
2.06 
1.95 

1.79 
2.06 
1.92 

2.00 
1.80 
1.90 

1.97 
2.38 
2.18 

1.95 
2.11 
2.03 

1.90 
2.20 
2.05 


I 


1.70 
2.13 

1.91 

1.78 
2.04 
1.91 

2.12 
2.13 
2.12 

1.71 
2.10 
1.90 


85 
56 
71 

61 
21 
91 


8.37 
6.12 
T.24 


6. 
5. 
6 

6. 

5 

6. 


51 
76 
13 

85 
77 
31 


6.82 
5.93 
6.37 

6.71 
5.17 
5.94 

.03 
.58 
.31 

.21 
.01 
.61 

.62 
.30 
.46 

.66 

.19 
.92 

.84 
.67 
.26 

.46 
.26 
.36 

.17 
.11 
.64 

7.06 
5.74 
6  40 


J3 

h 


a 


ULniiATB  Analtsb  or  Dbt  Coal 


H   O 


N 


8 


4240  31.54 

8759! 

4000<  31.54! 


4009 

3920 
3965 


27.07 
27.07 


3760  35.46 
4227:  27.16 
399SI  31.81 

3892;  28.83 
4607!  24.90 
4250'  26.87; 

3876!  29.07' 
4500'  25.42 
4188  27.25 

3862  37.63 
4235  34.62 
4040  36.13' 

38S9  37.63 
4232  34.62 
4061  36.13 

3585  31.62 
4469  27.76 
4027  29.69 

3996  28.26 
3991  22.54 
3994  25.40 


22.12.  79.90J  5.06  7.n 

76.951  6.06  8.79 

22.12  78.42|5.56  8.25 

49.36|78.9i;5.18  |  6.87 

!  75.48' 5.52  11.24 

49.36  n.l9  5.33  9.05 

40.79  78.25,  4.80  6.33 

32.00  77.04:  5.64  9.14 


1.16  1.03 
1.02  0.97 
1.09     1.00 


77  64i  5.22  \  7.74 


36.40 

18.61 

20.75 

19.68 

I  ! 

19.51i  79.28  5.14 

20.42  78.76  5.85 

19.97  79.02  5.50 


1.06 
1.18 
l.lt 

0.99 
1.12 
1.05 


1.15 
1.37 
1.26 

1.22 
0.93 
1.08 


Ash 


5.14 
6.21 
5.68 

6.89 
5.21 
6.05 

8.41 
6.13 
7.27 


6.27 
7.57 
6.02 


1.19  1.11 
1.13  0.92 
1.16     1.01 


7.01 
5.77 
6.39 


18.58. 
18.78. 
18.67. 


18.58  79.89  4.86  6.86 
18.76,  77.44  5.80  9.30 
18.67  78.66  5.33     7.83 


1.18  I  0.90  6.81 
1.13  ;  1.06  5.27 
1.16  10.98    6.04 


15.77 
28.20 
21.99 

15.43 
16.16 
15.80 


3790  29.04  15.60  78.89  5.10  I  5.83 

4230  25.15  22.18  76.00  5  81  10.79 

4010  27.55  18.90  77.44,  5.46    8.31 

4141  41.61  16.00 

3970  29.10  16.30 

4056  35.35'  16.16 


1.30 
1.06 
1.18 


1.13  7.75 
1.05  5.29 
1.09  6.52 


4111  32.75  13.70  80.73  5.10 

4433  24.92  14.71  76.80  5.71 

4272  28.84  14.21  78.77  5.41 

4231  32.27  23.08 

4194  28.77,  19.88 

4213  30.52  21.48 

3900  32  12  36.72 

4067  27.82  29.11 

3983  29.97  32.91 


6.03  1.27 

10.14  1.02 

8.06  1.14 


1.01  5.86 
1.01  5.32 
1.01     5.59 


3830  32.65  19.17 
4361  29.49  19.92 
4095  31.07   19.54 


•5  Determined  by  The  Solvay  Prooeas  Co.;  B,  Determined  by  The  Baboock  ft  Wlloos  Co.;  A. 
AT«n«i  used  In  worklnt  up  rvulu. 
t  Ineladee  pertods  between  tafte  end  Bguna  are  baeed  on  the  analyiM  oi  eW  ot  lYve  oMi 
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anaJyaia.  In  order  to  make  sure  that  the  same  wdght  of  gaa  altered 
each  of  the  six  sampling  tubes,  a  throttling  cock  was  adjusted  to 
make  the  suction  on  each  tube  a  given  amount,  as  indicated  by  s 
Water  gage.  The  Hempel  apparatus  was  also  used  in  the  way  jiut 
described  for  analyzing  the  gases  at  the  bottom  of  the  second  pass 
The  apparatus  for  obtaining  the  average  samples  was  constructol 
liy  The  Solvay  Process  Company, 


Fio.  9    Special  Hoppers  and  Coal-Whiqhino  Scaxob 


24  The  results  of  the  heat  balances  show  that  the  average  ndia- 
tion  and  unaccounted-for  losses  are  only  about  2)  to  3  per  cent. 
There  is  naturally  a  variation  one  way  or  the  other  due  to  acddeatal 
errors,  but  the  results  are  as  uniform  as  could  be  expected  in  work 
of  the  sort. 

25  Preliminary  tests  were  first  made  on  the  boiler  irith  the  Tay- 
lor stoker.    The  apparatus  was  then  shifted  and  preliminary  tests 
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nade  on  the  boiler  with  the  Roney  stoker.  A  careful  study  of 
•erafdng  conditaona  for  the  beat  economy  was  made  in  the  pre- 
zy  tests.  The  results  of  the  regular  tests  only  are  given  in 
aper. 

R<>adipg^  of  temperatures,  pressures,  etc.,  were  taken  every 
our.  The  water  was  balanced  each  hour.  The  coal  weighed 
nir  and  supplied  to  the  hoppers  was  balanced  each  hour  and 
led,  but  no  attempt  was  made  to  obtain  a  correct  coal  balance 


)    Spbcii\l  Condenseb  and 

QOANTITV  OF  StEAU  I 

-.  at  the  beginning  and  ending  of  the  tests,  as  this  necessitated 
ig  the  coal  quite  low  in  the  hoppers  of  the  stokere.  As  soon  as 
tta  were  taken,  a  copy  was  made  on  a  large  sheet  in  the  boiler 
so  that  those  conducting  the  tests  could,  at  a  glance,  note 
er  the  conditions  were  uniform.  Marks  and  Davis  steam  tables 
ised  in  working  u])  the  results. 


TESTS  OF  LAROE  BOIL&BS 
TABLB  U  TATLOR  ffrOKER.   TEST  DATA 


I      I 


It 
I  J' 


ill  I 


lljsi'l  U\  I 


7 

d-I-l-II 

« 

S-t-4-U 

> 

•-  S-  7-11 

IDA 

e-s-t-it 

S-  7-  »-ll 

lU 

U 

8-  m-ii 

(-12-1S-11 

B-ia-11-11 

12 

l-lJ-H-ll 

M4-U-11 

S-l»-lt-ll 

It 

S-lft'17'11 

T-fl1 

•-  a-  7-ii 

lO-I 

10-7-11-11 

0.3DD.2273  394.3 


BAToaa  Dao.  FxHrn. 


W.I,  1ST.  at  Ht  »i3 
8.4  l«I  Ml  jum^ 
>a.i  w'  171  ni  ^» 


Jill 


Sli  I  Ut.t  UTOT:   m   t 


0.840.2893  3S3.7 


2  516  SIS  ]  m.s 


j  i>7'  iss.i,  tee, 

ll  1«7'  IWI  3  178 

:m  2D3.0'  lao; 


t  Includo  peclodt  batmui  U 


SO.  13,0 
3fl.301.S90. 


IS.!  ITS  ni   SII  1 

»Ai  in.  Ml'   NT    i 
17.1  m  MI,   (M    I 

it.r  iTftMi  (n  ■ 

17.1  IS4  Ui 

A.t  1871  Hi 


TABLE  IJ    TAYLOR  STOKER.    TEST  DATA  AND  RESULTS 


1| 

Is  I 
13  , 


ExoiNn  iiKO    TcB 


J  ifil: 


n70  '      TB23      ia.S2        SM 
120M      11838      29  23      1287 


6798        88Se      IS.  13 


,    98073       10J21       10209      2i.3]       1099 
;    93522       lOOTS        9888      24  38       117i 


9.90        ISU    .     1717        1  e 

.  10  M      tftTO      wn   .  I.H 


2222        1071 


8  09        1381        tttt    ' 


90M      mh  ;  s» 


784        8.34        1S<9 


948        988        S0«8        tM«        t.M 
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1    TAYLOR  STOKER.    COMPITTED  REBULTS 


im 

P' 

m, 

,'S-- 

1 
■5 

f'A 

Ig 

ihi^ 

^ 

™nli! 

jh 

%md 

w 

H 

imoi 

11. 13             1. 

seati 

i3tni 

11. n    .     (. 

7(804 

II.W             1. 

liim 

nsui 

11-08             I. 

ITMSS 

lO.M      ,       7. 

09031 

ll.H             1. 

lUBll 

u.n        7. 

ll.H             8. 

lOMM 

10  »7             4, 

ituu 

11.11      1       4 

loew 

10.90             4. 

TABLE  IB    BONBY  STOKBK.    HEAT  BALANCE.  PBRCENTAOES  OF 

TOTAL  HEAT  IN  COAL 

Plqb  Oa8  AHii.ran  amd  TmrauTDmB  Taxih  n  BnucHixa 


n  C«^      In  C«I 


I7.« 

0.U 

4.U 

13.11 

0.J7 

l».W    ■      8 

» 

t.N    1    a. 

70.M 

B.lt 

4.M 

8.11 

o.» 

».41          1 

a 

l.»      1      4. 

n.4i 

11.71          I 

74 

i.as    '    t. 

71.78 

0.17 

4.40 

1J.7» 

o.» 

1S,U          1 

01 

U.ll 

o.» 

4.n 

0.11 

DM 

«.S1          1 

SO 

j.i»        1 

7(.n 

4.74 

OSS 

1.71            J. 

K.M 

8.»4 

0.10 

3.10           I 

74.73 

O.Jl 

1J.47 

O.IS 

11.71         ( 

74 

I.Oi           I 

71.S7 

0.11 

14  .»4 

0.»7 

t(.81          0 

01 

1.41            1. 

[D  TuraBATuaa  Tti 


.; 
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7 
8 
9 
10 
11 
12 
14 


TABLE  16    TAYLOR  STOKER.    HEAT  BALANCE.  PBRCBNTAOB  OP 

TOTAL  HEAT  IN  COAL 

Flub  Gab  Analtsks  and  Tsmpcraturs  Takbn  in  Brbbckzmo 


No. 

of 

Test 


7 
8 
9 
10 
11 
12 
14 


^*TJy*^i  Moisture  Hydrogen' 
BoUer 


Heat  to  Chimney 


in  Coal      in  Coal 


77.07 
80.28 
77.85 
77.90 
75.84 
79.24 
7S.42 


0.18 
0.17 
0.20 
0.18 
0.18 
0.18 
0.18 


4.58 
4.28 
4.31 
4.84 
4.47 
4.4S 
4.51 


Heat  to 
Chimney 


11.54 
10.12 
11.21 
11.35 
11.91 
11.05 
13.15 


Molsturp 
In  Air 


0.28 
0.24 
0.25 
0.20 
0.35 
0.21 
0.27 


Total 


11.82 
10.38 
11.48 
11.81 
12.26 
11.28 
18.42 


,  Carbon 
I  Monozldei 


1.81 
0.40 
0.44 
0.27 
0.59 
0.16 
O.Sl 


Carbon 
In  Ash 


2  SI 
1.80 
S.SO 

j.n 

8.68 
3.32 

2.57 


Flub  Gab  An altsbb  and  Tbmpbratubbb  Taxbn  Bblow  Dampi 


77.07 
60.28 
77.86 
77.90 
75.84 
79.24 
78.42 


0.18 
0.17 
0.20 
0.18 
0.18 
0.18 
0.18 


4.52 
4.23 
4.28 
4.80 
4.40 
4.37 
4.43 


12.76 
10.20 
11.33 
10.64 
11.60 
10.22 
13.19 


0.30 
0.35 
0.23 
0.24 
0.34 
0.19 
0.27 


13.06 
10.45 
11.63 
10.88 
11.94 
10.41 
13.46 


0.0 

0.04 

0.08 

0.0 

0.77 

0.0 

0.35 


S.Sl 
1.80 
3.30 
3.77 
3.58 
3.38 
3.S7 


tlOD,6(B. 


2.43 

2.71 

3.54 

3.31 

3.08 

3.31 

3. 

3. 


i 


DISCUSSION 

R.  H.  Rice.  The  use  of  large  boiler  units  is  a  step  in  the  x^fS^^ 
direction,  and  it  is  gratifying  to  note  that  the  large  boiler  which  f o^ibs 
the  subject  of  these  tests  has  a  high  efficiency. 

I  believe  that  E.  D.  Leavitt  was  the  first  engineer  to  build  boi^^ 
in  large  units,  and  his  1000-h.p.  boilers  of  the  Belpaire  type  b^^^ 
for  the  Calumet  &  Hecla  mine,  the  Metropolitan  Water  Worfes  ^^ 
Boston,  and  elsewhere,  are  entirely  successful  units  and  have  b^^ 
efficiency. 

The  paper,  since  it  confines  itself  to  a  report  of  the  results  obtai^^ 
by  testing  these  large  boilers,  does  not,  of  course,  bring  out  the  adv^^ 
tages  of  such  boilers  in  the  operation  of  central  power  stations.     -*^ 
is  manifest  that  by  the  use  of  such  boilers  the  fire-room  force  will  t^ 
reduced,  and  the  complication  of  the  plant  greatly  diminished.    Tb^ 
floor. space  occupied  is  less  and  the  cost  of  the  boiler  house  will, 
tlieref ore,  be  considerably  smaller.    The  question  of  maintenance  and 
repairs  to  brick  work,  stokers,  etc.  remains  to  be  settled  by  experience. 
It  would  soeni  by  inspection  of  Figs.  1  to  3  that  improvements  v\ll 
have  U)  be  madr  iii  the  design  of  the  brick  settings.     Fig.  2,  especi- 
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ff  where  the  Boney  stoker  has  been  applied,  would  seem  to  leave 
Lch  to  be  desired. 

The  particular  typ^  of  boiler  adopted  gives  ample  room  for  complete 
mbustion  of  the  gases  before  they  enter  between  the  cold  tubes 
\<i  this  is  probably  an  essential  to  obtaining  the  highest  e£Sciencies. 
This  test  calls  attention  to  the  absurd  method  of  rating  a  boiler 
1  terms  of  horsepower.  The  horsepower  imit  used  was  adopted 
umy  years  ago  when  uneconomical  engines  were  in  use.  It  would 
%m  that  the  proper  method  of  rating  a  boiler  would  be  in  thousand 
3unds  of  steam  per  hour  at  a  given  pressure  and  temperature.  In 
lis  way  determination  can  be  made  without  much  computation  of 
e  adaptability  of  the  boiler  to  the  units  which  the  steam  is  to  drive. 
It  should  also  be  pointed  out  that  the  test  gives  no  indication  of  the 
mparati ve  merits  of  the  two  stokers,  except  so  far  as  their  efficiency 
concerned.  The  other  items,  such  as  ease  of  handling,  smoke- 
sness,  and  cost  of  maintenance,  which  are  essential  to  a  determi- 
tion  of  the  relative  merits  of  the  stokers,  do  not  come  within  the 
>pe  of  the  4)aper.  It  would  be  interesting  to  know  whether  the 
^liminary  tests  were  extensive  enough  to  establish  the  best  operating 
adition  for  each  stoker  as  regards  air  pressure,  depth  of  fire  bed. 


In  attaching  a  single  boiler  to  a  unit  of  6000  or  7000  kw.  capacity, 
oblems  must  arise  which  are  not  met  with  where  a  battery  of  boilers 
used  to  supply  such  a  unit.  The  blowing  off  of  75,000  or  100,000 
of  steam  into  the  atmosphere  in  case  of  sudden  stoppage  of  the 
^l^ine  unit  is  a  serious  matter,  and  in  such  installations  means  will 
^6  to  be  taken  to  protect  the  boiler  by  immediate  injection  of  a 
Ke  amount  of  feedwater  in  order  to  reduce  the  temperature.  Tests 
''^  a  flow  meter  have  shown  that  a  boiler  that  forms  part  of  a  bat- 
y  Can  have  its  output  reduced  almost  to  zero  in  a  small  fraction 
^^^e  by  the  introduction  of  cold  feedwater,  and  these  experiments 
ucate  clearly  in  the  case  of  such  large  units  the  necessity  of  an 
'augement  for  accurately  graduated  feed  following  closely  the 
^^^^^ds  for  steam  on  the  boiler,  so  that  the  disturbance  by  feed  of 
^^  steam  capacity  of  the  boiler  can  be  reduced  to  a  minimum  while 
^^taining  constant  pressure.  In  these  large  units  fluctuations  in 
^  supply  are  likely  to  lead  to  large  fluctuations  in  pressure  when 
>perated  as  single  units.  Furthermore,  the  stresses  on  the  boiler 
lue  to  expansion  forces  will  ^be  greatly  reduced  by  the  use  of  such 
[raduated  feed.  There  would  seem  to  be  a  field  for  invention  in  this 
jnnection. 
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It  is  unfortunate  that  our  methods  of  coDtrolling  the  elements  in 
boiler  operation  are  so  variable  that  such  boiler  tests  as  the  ones 
reported,  involve  enormous  expense  and  difficulty  and  a  considerable 
amount  of  time.  The  uncertunty  and  difficulty  of  the  test  largely 
depend  on  the  irr^ularities  of  operation  of  the  furnace;  and  these 
irregularities  are  clearly  set  forth  in  Par.  17,  where  it  is  shown  that 
an  error  in  judgment  of  the  condition  of  the  fires  at  the  end  of  the  teat 
may  involve  as  large  quantities  as  2}  to  5  tons  of  coat.  It  is  these 
insularities  and  difficulties  which  render  necessary  the  testing  of 
boilers  for  such  extended  periods,  and  if  our  furnaces  and  grates  could 
be  so  improved  that  uniformity  of  conditions  could  be  quickly  estab- 
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lished  and  maantained,  it  is  manifest  that  the  testing  periods  could 
be  greatly  reduced.  Establishment  of  such  uniform  conditions  would 
also  undoubtedly  result  in  increased  efficiency. 

R,  D.  DeWolf,'  From  the  data  given  in  these  tests  I  have  pre- 
pared some  curves  which  may  be  of  interest.  Fig.  12  shows  the  drop 
in  pressure  through  the  superheater  for  different  ratings  of  the  boiler. 
The  lower  scale  is  not  the  per  cent  rating,  but  ^ves  the  equiva- 

'  Asst,  Mech.  Engr.,  U^chcster  Ry.  4  Light  Co.,  Roeheater,  N,  Y. 


DISCUBSION  BT  B.  D.  DB  WOLF 


lent  evaporation  from  aiMl  at  212  d^.,  in  thousandB  of  pounds  per  hour. 
Although  we  have  two  boilers  built  by  the  same  company  from  exactly 
the  same  specificationB  and  under  tm  nearly  the  same  conditions  as 
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possible,  we  get  nevertheless  a  considerable  difference  in  the  drop  of 
pressure  through  the  superheater  under  the  some  operating  conditions. 
In  Fig-  12  the  upper  curve  is  taken  from  the  boiler  equipped  with  the 
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Taylor  Btoker  and  the  lower  curve  from  the  boiler  equipped  with  the 
Roaey  stoker. 

Fig.  13  illustrates  an  input-output  curve,  showing  the  input  id 
millions  of  B.t.u.  and  an  output  in  the  same  umts  for  the  bdlo' 
equipped  with  the  Roney  stoker.     It  will  be  observed  that  the  two 
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points  marked  2-4  and  5-6  are  somewhat  below  the  line.  These 
points  include  the  periods  between  tests  and  are  therefore  at  a  some- 
what lower  efficiency.  Fig.  14  shows  the  same  period  for  the  boiler 
equipped  with  a  Taylor  stoker.     This  also  shows  that  the  points  in* 
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eluding  the  period  between  tests  and  the  point  15  which  includes  "J 
hours  of  banking,  are  below  tlio  curve.  Fig.  15  shows  the  variatitHi  in 
temperature  of  the  flue  gas  with  the  rating  at  which  the  boiler  is 
operated.    The  upper  curve  is  taken  from  the  boiler  equipped  with 
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a  Rooey  stoker  and  the  lower  curve  from  the  boiler  equipped  with  the 
Taylor  stoker.  It  will  be  noticed  that  the  points  fall  more  or  less 
generally  over  the  chart.  The  crosses  are  the  points  for  the  Taylor 
stoker,  and  the  circles  the  points  for  the  Honey  stoker. 

Fig.  16  showB  the  relation  between  the  per  cent  of  COj  and  the 
rating  at  which  the  boiler  is  operated.  The  dash  and  dot  line  is  for 
the  boiler  equipped  with  the  Taylor  stoker,  and  the  full  line  curve  is 
for  the  boiler  equipped  with  the  Roney  stoker.  The  lower  scale  ffvea 
the  percentage  of  rating  at  which  the  boiler  is  operated.  Fig.  17  ffvea 
the  percentage  of  steam  used  by  the  boiler  auxiliary,  that  is,  the  stoker 
«>ni^e  and  the  turbine  operating  the  fan  for  the  Taylor  stoker.     Curve 
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Curve  2  Taylor  Btoker  Engine  and  Fan  Turbine,  Curve  3-25  per  cent  of 
Curve  2 


No.  1  represents  the  steam  used  by  the  steam  jets  in  the  Roney  stoker. 
The  dotted  curve  is  purely  a  theoretical  curve,  being  taken  as  25 
per  cent  of  curve  No.  2  and  is  intended  to  indicate  in  a  general  way 
the  loss  of  heat  energy  from  the  steam  used  by  the  stoker  engine  and 
the  turbine  for  the  Taylor  stoker  equipment.  The  individual  points 
from  which  all  of  these  curves  aro  plotted,  cover  a  wide  area  and  the 
curves  themselves  are  only  averaged  as  nearly  as  possible. 
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H.  0.  Pond.  I  believe  that  greater  emphasis  should  be  laid  in 
9  upon  the  excellent  feedwater  conditions  obtaining  at  the  DeL^K^^y 
plant.  In  a  plant  where  the  feed  conditions  were  less  favorable  "^i^he 
advisability  of  using  such  large  boiler  units  would  probably  be  soarac^e- 
what  questionable. 

Referring  to  Par.  17  it  seems  to  me  that  the  substantial  agreeDCi.^^Jit 
in  the  results  on  the  short  tests  emphasizes  the  accuracy  with  wfcii^i 
the  tests  were  made  and  the  accuracy  with  which  balancing  at  "fc-te 
start  and  finish  were  taken  care  of. 

The  point  which  impressed  me  most  in  the  results  obtained  in  tlx^sce 
tests  is  the  small  difference  in  efficiency  shown  over  a  range  of  naoxe 
than  100  per  cent  in  the  rating  of  the  boilers,  the  difference  betwe^r^ 
the  highest  and  lowest  efficiencies  obtained  being  only  about  6 
cent.  With  boilers  showing  such  high  sustained  efficiencies 
this  wide  range  of  rating  it  would  seem  advisable  to  change  the  oj 
nary  method  of  plant  operation,  as  brought  out  in  Par.  28,  making  i*^ 
possible  to  run  all  the  boilers  in  the  plant  all  of  the  time  instead 
throwing  many  of  them  on  bank,  as  is  the  usual  practice  now,  th. 
permitting  a  considerable  increase  in  general  station  economy 
reduction  of  fixed  charges. 

In  connection  with  the  installation  of  these  boilers  and  the  arrant 
ment  for  the  series  of  tests  recorded  in  Dr.  Jacobus's  paper  I  fe 
that  credit  should  also  be  given  to  F.  A.  Scheffler  of  the  Babcock 
Wilcox  Company  whose  efforts  lent  largely  to  the  success  of  the  nlt:^^^^^ 
mate  installation. 

Wm.  D.  Ennis.    James  Watt,  in  a  curious  old  letter  which 
recently  ran  across,  refers  to  a  colossal  new  boiler  which  he  wj 
then  building,  which  exposed  300  sq.  ft,  of  surface  to  the  fire,  whe; 
his  largest  previous  boiler  contained  only  170  sq.  ft.     Dr.  Jacobus  h 
managed  to  get  some  24,000  sq.  ft.  over  one  fire. 

It  is  not  only  a  big  boiler:  it  is  also  an  efficient  one.     A  76  per  ce 
running  efficiency  including  a  lay-over  period  of  7  hours,  with  a  lo 
varying  from  rating  to  double  rating,  means  a  great  deal  in  pow 
station  work.    With  a  turbine  giving  a  brake  horsepower  on 
B.t.u.  per  min.,  and  with  a  brake  to  switchboard  ratio  of  1  J,  it  m< 
26,400  B.t.u.  in  fuel  per  kw-hr.,  about  1.9  lb.  of  coal. 

This  economy  was  obtained,  not  at  a  3  or  3J  lb.  evaporation  rat 
but  at  one  running  as  liigh  as  7  lb.     In  a  city  power  station  the 
of  land  and  buildings  and  interest  on  the  same  will  be  approximate!: 
in  the  inverse  ratio  of  this  evaporation  rate.    The  big  boiler  i 
efficient  commercially  as  well  as  thermally. 
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^^t  caused  this  high  thermal  efficiency?    In  some  respects  the 
op^tion  was  not  remarkably  economical.    The  loss  to  the  ashpit 
^not  especially  low  and  would  have  been  a  conspicuous  item  had 
^e  coal  carried  a  greater  percentage  of  ash.    Flue  gas  temperatures 
were  not  particularly  low,  the  ratios  of  heating  surface  to  grate  sur- 
faces (as  the  latter  were  measured)  being  53  and  58^,  certainly  not 
extreme  figures.    The  unaccounted-for  radiation  loss  was  low  as 
sbould  be  expected  with  the  low  ratio  of  setting  surface  to  heat  gen- 
eratedy  which  must  prevail  in  a  large  boiler.    This  has  a  particularly 
important  influence  on  the  rate  of  heat  transmission,  because  a  com- 


Hf.Air  Supplied  per  Hk  rstti 

Fig.  18    Relation  bbtwben  Amount  of  Aib  Supplt  and  B.t.u.  Lobb 


paratively  slight  radiation  loss  means  a  considerable  reduction  in  the 
transmission  factor  due  to  temperature  gradient  through  the  heating 
surface. 

The  explanation  of  the  high  furnace  efficiency  lies  in  the  form  and 
dimensions  of  the  furnace  which  is  exactly  adapted  to  produce  a 
thorough  mixture  and  impingement  of  the  gases.    With  the  very  low 
draft  normally  carried  stratification  must  have  been  almost  impossible. 
This  is  demonstrated  by  the  composition  of  the  gas,  which  showed  a 
^Jiiaximum  of  i  of  1  per  cent  of  CO,  with  CO2  varying  from  10.35  to 
16.50  per  cent.    The  loss  of  the  fuel  heat  due  to  the  formation  of  CO 
vas  only  0.16  to  0.38  per  cent.     When  we  consider  the  extraordinary 
degree  of  care  pxercised  in  the  tests,  these  figures  are  notable.    It  is 
not  very  easy  to  find  the  CO  actually  present  in  a  rapidly  moving 
stream  of  gas.    Roughly  rV  of  1  per  cent  of  CO  in  the  gases  means 
about  65  B.t.u.  loss  per  pound  of  coal  (based  on  a  14  lb.  air  supply). 
This  is  about  as  much  as  the  loss  due  to  an  increase  in  flue  gas  temper- 
ature of  about  20  deg.     It  is  as  much  as  the  loss  due  to  a  decrease  of 
l\  per  cent  in  the  CO2. 
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In  the  great  majority  of  plants  where  a  large  air  excess  seems  to  be 
the  normal  and  almost  inevitable  condition  of  operation,  the  best 
percentage  of  COs  is  the  highest  obtainable.  This  does  not  hold  for 
such  advanced  practice  as  Dr.  Jacobus's  paper  represents.  The  situa- 
tion then  is  somewhat  as  suggested  by  the  sketch.  As  the  air  supply 
decreases,  the  loss  due  to  excess  air  (COs  loss)  also  decreases,  but  at 
some  certain  point  which  may  be  different  for  every  furnace  and 
every  condition  of  operation,  the  formation  of  CO  b^ins  to  be  an  im- 
portant offsetting  factor.  The  air  supply  for  the  best  efficiency  is 
that  determined  by  the  minimum  point  of  the  combined  curves  AB 
and  CD  (Fig.  18).  This  point  has  been  pretty  closely  approximated 
in  the  tests  reported  in  the  paper. 

H.  DB  B.  Parsons.  In  order  to  secure  perfect  combustion,  three 
requirements  must  be  observed,  namely:  a  surplus  of  air,  a  thorough 
mixture  of  the  fuel  particles  with  the  oxygen  in  the  air,  and  a  high 
temperature.  A  furnace  that  fails  to  offer  any  or  all  of  these  con- 
ditions will  not  support  perfect  combustion  and  without  perfect  com- 
bustion, the  efficiency  of  the  boiler  and  furnace  cannot  be  high. 

In  the  intense  heat  of  a  furnace,  the  bituminous  portion  of  the  coal 
is  vaporized  with  such  great  rapidity,  that  it  is  practically  impossible 
to  bum  all  the  gaseous  portion  before  it  is  drawn  into  the  chimney 
by  the  draft,  or  before  it  is  cooled  by  contact  with  the  water  surfaces 
and  has  its  temperature  reduced  below  that  for  ignition. 

The  object  of  the  furnace  is  to  generate  heat,  while  the  object  of  the 
boiler  is  to  rob  the  furnace  of  its  heat.  The  speaker  wrote,  over  15 
years  ago,  "in  some  designs  the  products  of  combustion  are  not  ad- 
mitted to  the  heating  surfaces  until  after  combustion  has  become 
complete.  This  arrangement  has  met  with  success  in  many  instances, 
and  could  be  carried  much  farther  than  it  is." 

With  the  boilers  described  by  the  author,  this  is  the  practical  result 
obtained.  The  fire  is  so  far  from  the  heating  surfaces  and  the  com- 
bustion chamber  is  so  large,  that  a  thorough  mixture  of  oxygen  and 
fuel  can  be  maintained  and  combustion  completed  before  the  products 
are  made  to  pass  over  the  water  surfaces.  It  is  not  difficult  to  see 
why  this  result  is  so,  when  we  notice  that  the  distance  from  the  grate 
to  the  tubes  is  about  three  times  that  in  ordinary  boilers. 

A  study  of  the  flue  gas  analyses  illustrates  the  success  obtained  in 
mixing  the  oxygen  with  the  fuel,  and  the  degree  of  perfection  of  com- 
bustion as  shown  h}'  the  small  percentage  of  carbon  monoxide  preset 

Figuring  tlie  air  .«-ipph'  from  the  gas  analjrses,  the  result  shows  that 
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the  (surplus  air  was  only  about  27  per  cent  of  the  theoretical  amouat 
The  quantity  of  air  supplied  per  pound  of  coal  was  between  14  and 
14.5  lb.  These  are  very  low  figures  and  could  only  be  the  remit  oi 
using  large  grates  and  by  the  most  careful  management  of  the  fim 
There  must  always  be  a  loss  of  heat  in  the  gases  passing  to  the  fine. 
Under  the  conditions  described  in  the  paper  the  theoretical  nuudmiini 
efficiency  attainable  would  have  been  about  87  per  cent.  Therrfo" 
the  efficiency  ratio,  that  is  the  ratio  between  the  actual  and  thetkw- 
retical  efficiency,  was  about  89  per  cent,  certainly  a  remarkable  aho*" 

The  author  and  the  designers  of  the  boilers  are  to  be  congratul''* 
on  the  performance- 


Fia.  20    Detail  of^New^Settino  fok  Taylor  Stokers 

Horace  H.  Esselstyn.  In  connection  with  these  large  boileni 
as  was  expected  we  had  trouble  with  the  brick  work.  Fig.  ISsho^™ 
fiume  vieivs  of  the  arches  which  were  tried  out  before  the  flat  arch  ^^ 
finally  adopted.  Most  of  these  views  have  to  do  with  the  RoO-* 
stoker.  Fig.  20,  however,  shows  how  the  butgiog  of  the  front  waff 
th(^  frame  work  of  the  setting  for  the  Taylor  stoker  was  overcome  ^ 
anchoring  the  front  wall  of  the  frame  work  on  the  boiler.  This  a^ 
ting  has  now  been  in  service  for  five  months  and  during  that  pm^ 
has  caused  no  trouble. 

Fig.  19a-f  shows  the  different  arches  that  were  tried  on  the  Ron* 
sell  ing,  an<l  the  date  gives  the  approximate  life  of  each  arch.     It  miL* 
not  be  understood  that  the  arch  failed  at  exactly  that  time  but 
was  evident  in  each'case  that  it  was  advisable  to  change  the  constnL' 
tion.     Arch  No.  7  is  the  lust  and  is  now  workit^i;  very  successfully. 
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E.  G.  Bailet.  The  tests  are  very  interesting,  especially  with 
respect  to  the  high  boiler  efficiency  and  low  loss  due  to  radiation,  etc. 
These  two  items  of  the  heat  balance,  however,  are  those  which  show 
^e  greatest  variations  should  there  be  any  error  in  the  sampling  of 
the  coal  burned  or  the  determination  of  its  heating  value. 

The  precaution  of  having  different  samples  analyzed  in  the  labor- 
atories of  two  large  and  reputable  concerns,  taken  by  the  author, 
''^ould  seem  ample  in  this  connection,  but  a  careful  study  and  com- 
parison of  the  individual  and  average  analyses  bring  out  some  points 
w^orthy  of  mention. 

Of  the  26  sets  of  check  analyses  given  in  Tables  6  and  7,  there  are 
^^y  two  cases  where  the  ash  repoi-ted  by  the  Solvay  laboratory  is 
iower  than  that  reported  by  the  B.  &  W.    From  the  average  results 
^f  the  two  laboratories  as  given  in  Table  8,  we  note  the  Solvay  re- 
ports 1.39  per  cent  higher  ash  and  300  less  B.t.u.  than  the  B.  &  W. 
On  individual  samples  the  difference  between  the  results  of  the  two 
lalDoratories  is  as  great  as  3.40  per  cent  ash  and  929  B.t.u.,  or  over  6 
per  cent  of  the  heating  value.    The  ash  from  different  samples  of  the 
s^Jne  kind  of  coal  tested  in  the  same  laboratory  varies  6.16  per  cent 
^^d  the  heating  value  1015  B.t.u.,  or  7.3  per  cent.    While  each  lot 
of  coal  shipped  under  any  one  trade  name  or  even  from  a  single  mine 
does  not  run  absolutely  uniform,  yet  such  variations  as  these  are  so 
exceptional  that  they  cast  some  doubt  upon  the  accuracy  of  the  sam- 
pling and  analysis.    Even  the  B.t.u.  per  pound  of  combustible,  which 
^8  practically  a  constant  for  coal  from  a  given  mining  district,  varies 
750  B.t.u.,  or  5  per  cent,  as  determined  by  one  of  the  laboratories, 
^hile  the  other  reports  results  in  which  this  factor  varies  600  B.t.u., 
^^  4  per  cent.    The  variation  in  this  factor  as  determined  by  the  two 
laboratories  from  the  same  original  sample  shows  variations  of  similar 
^^^^agnitude. 

The  erratic  variations  in  the  ash  indicate  that  sufficient  care  was  not 
^^^^  in  taking  and  working  down  the  samples,  as  the  accurate  deter- 
'"^^ation  of  ash  from  a  pulverized  sample  is  a  very  simple  matter, 
^operly  taken  duplicate  samples  should  have  checked  in  each  indi- 
^dual  instance  within  0.50  per  cent  ash,  and  the  averages  should  have 
^^xi  within  0.10  per  cent.  There  are  other  differences  in  the  vola- 
^^>  heating  value,  and  ultimate  analyses  that  indicate  greater 
^^^iations  in  the  laboratory  work  which  are  brought  out  by  the 
^^^parison  in  Table  17.  The  averages  from  the  two  laboratories  are 
^Own  and  distinction  is  made  between  the  two  coals.     The  Red 
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Jacket  coal  covers  tests  1  to  12,  14  and  18,  while  Milbum  coal  was 
used  on  tests  16  and  17. 

Comparison  is  also  made  in  Table  18  between  the  results  of  the  two 
laboratories  on  Red  Jacket  coal  and  also  some  results  of  the  United 
States  Geological  Survey  and  West  Virginia  Creological  Survey  on 
coal  from  these  and  adjoining  mines  on  a  combustible  basis,  for  the 
purpose  of  showing  variations  in  the  laboratory  anal3n9es  and  B.ta. 
determinations. 

As  it  is  perfectly  evident  that  there  is  no  satisfactory  agreemoit 
between  these  two  sets  of  samples  or  analyses,  the  question  arises 
as  to  which,  if  either,  is  right.  A  check  is  available  on  the  ash  by 
taking  the  weight  of  dry  ash  as  weighed  up  from  the  boiler  testa  and 
correcting  it  for  the  percentage  of  combustible.  The  two  laboratoiiee 
agreed  with  reasonable  closeness  on  the  moisture  and  combustible 
determinations  from  the  ash: 

Laboratory  Combustible  Moisture 

Solvay  29.85  20.42 

B.  &W.  26.29  20.93 

The  average  net  dry  ash  as  determined  by  this  method  is  5.53  J^ 
cent  from  Red  Jacket  coal  and  6.30  per  cent  from  the  Milbum.    WWte 
there  is  always  some  ash  carried  away  with  the  escaping  gases,  % 
would  probably  be  a  small  factor  with  this  particular  setting.    H  th« 
average  of  6.90  per  cent  ash  as  determined  by  the  Solvay  laboratory 
were  correct,  the  ash  carried  away  by  the  gases  wotdd  be  20  per  c^^ 
of  the  total  ash,  while  the  B.  &  W.  average  of  5.71  per  cent  corr^ 
sponds  to  a  loss  of  3  per  cent  from  the  grates.    If  any  appreciable 
amount  of  ash  were  carried  away  by  the  draft  it  shotdd  be  more  prO" 
nounced  on  the  tests  with  the  higher  rates  of  combustion,  but  tb^ 
plotting  of  these  results  fails  to  indicate  any  such  relation.    On  tb^ 
other  hand,  the  weighed  up  net  ash  on  the  six  tests  of  Red  Jack^"^ 
coal  where  the  rate  of  combustion  was  below  20  lb.  per  sq.  ft.  of  fS^'^ 
per  hour  is  5.38  per  cent,  while  on  the  three  tests  having  a  rate  ^' 
combustion  above  30  lb.  it  is  6.62  per  cent  of  ash.    The  gener* 
conclusion  to  be  drawn  from  these  data  is  that  the  true  average  a^ 
in  the  coal  used  was  about  i  per  cent  lower  than  the  average  of  tft* 
two  sets  of  laboratory  determinations. 

The  fact  that  the  B.t.u.  determinations  were  made  in  an  axye^ 
bomb  calorimeter  does  not  in  itself  insure  accuracy  in  the  re«A^ 
Table  18  shows  the  heating  value  per  pound  of  combustible,  comct^^ 
for  sulphur,  as  determined  iu  the  two  laboratories,  to  be  about;  3 
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per  cent  below  the  corresponding  results  as  made  by  the  United  States 

Greolcgical  Survey  and  the  West  Virginia  Geological  Survey.    The 

'^^t^^T  results  agree  closely  with  the  work  of  other  laboratories  that 

Aa\r^  had  their  calorimeters  and  thermometers  calibrated  by  the 

«-  l»"t.<j(i  States  Bureau  of  Standards.    The  disagreement  in  the  ulti- 


ta^ 


17    COMPARISON  OF  AVERAGE  ANALYSES  OF  CHECK  SAMPLES   BY   TWO 

LABORATORIES 


All  Data  Taken  from  Tables  6,  7  and  8 


RsD  Jacket  Coal 


MiLBiTBN  Coal 


Solvay 

1.83 

I 

VohtOe 34.04 

Ftiedoarbon 59.M 

Adi 6.90 

B.t.u 13922 

79.11 

6.03 

6.41 

1.13 

m 1.09 

7.23 

INT  lb.  oombtHtlble  by 

boalorliiMUr 14953 

ptr  lb.  oombutUble  oUeu-' 

15323 


B.dbW. 
2.07 

31.86 
62.43 
5.71 
14187 


77.14 
5.86 
8.97 
Ml 
1.09 
5.83 


15045 


15127 


Solvay 
2.53 

28.28 
63.43 
8.29 
14210 

80.47 
5.34 
3.92 
1.26 
0.62 
8.39 

15493 

16125 


B.&W. 
2.55 

27.77 
66.71 
5.52 
14759 

80.06 
5.68 
6.82 
1.07 
0.86 
5.51 

15620 

15575 


18    COMPARISON  OF  ANALYSES  OF  COAL  FROM  SAME  SF^M  BY  DIFFER- 
ENT AUTHORITIES,  COMBUSTIBLE  BASIS 


B.&W. 

33.76 
66.24 
15128 

82.87 
6.30 
9.64 
1.19 


U.  S.  Geolocl-  W.  Va.  GeoIoEl- 

cal  Survey  cal  Survey 

35.61  36.28 

61.39  63.72 

15500  15599 


86.48 
5.17 
6.77 
1.58 


85.07 
5  14 
8.53 
1.26 


te  analyses  as  made  in  th(^  diflf("r(^nt  laboratories  indicates  that 
*Tr  little  confidence  is  to  be  placed  in  tli(^  heating  value  calcuhited 
in  this  analysis. 

^^omsltd  lofiilpliur  free  basla. 
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As  further  evidence  of  errors  in  the  heating  value  detennmatiaaf 
as  reported  in  the  paper,  the  B.t.u.  from  Tables  17  and  18  h*re 
been  plotted  in  Fig.  21  with  radiation,  etc.,  from  the  first  set  rf 
beat  balances  of  Tables  15  and  16.  While  the  percentage  of  nuJitr 
tion  is  probably  affected  to  some  extent  by  other  factors,  it  is  raj 
evident  from  the  location  of  these  points  that  the  real  heating  value 
of  the  coal  used  on  the  various  tests  was  much  more  uniform  thaatiie 
figures  used  in  the  calculations.  The  lower  the  B.t.u.  usedintht 
calculations,  the  higher  would  be  the  eflSciency  and  the  lower  tte 
radiation  loss,  and  vice  versa. 

The  errors  in  the  sampling  and  analysis  of  the  coal  are  evideutlj 
much  greater  than  those  entering  into  the  other  results  of  the  teatfc 
If  Dr.  Jacobus  had  had  all  the  coal  used  on  each  test  check-wraghed 
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Fio.  21    Relation  of  Radiatiox  Loss  to  B.t.v 


on  two  si'ts  of  seales  by  two  observers,  and  they  had  not  agreed  more 
clcscly  than  6  per  cent,  would  lie  have  averaged  the  weights  with  ofJv 
a  passing  comment  and  no  attempt  at  an  e.vplanation?  There  wouM 
undoubtedly  have  been  some  rigid  investigation  and  the  cause  of  lie 
dilTcrcrre  soon  determined  and  rectified.  If  the  ofEcieney  of  the 
bciler  and  furnace  are  to  be  determined,  it  is  just  as  important  to 
know  the  true  heating  value  of  the  coal  as  it  is  to  know  the  weigbt 
of  coal  and  water  used  during  the  test. 

By  averaging  the  results  of  the  two  laboratories,  Dr.  Jacobiu  hu 
evidently  assumed  tliat  they  each  made  errors  of  equal  magnituds 
in  opposite  directions.  It  would  be  very  strange  if  such  were  tl* 
case  when  the  differences  arc  so  great.  There  is  strong  evidenoe  to 
the  contrary,  and  it  appears  that  the  average  heating  value  used  in 
calculating  the  efficiendes  and  licat  balances  is  about  3.5  per  cent  knr, 
thereby  causing  a  corresponding  error  in  the  eflSciency  and  racUatioQ. 
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The  author  has  accredited  the  high  efficiency  ajid  low  radiation  to  the 
^  of  boiler  and  furnace,  but  it  seems  that  the  low  heating  value 
QBed  in  the  calculations  is  a  very  important  factor  which  should  re- 
Mive  due  conaderation  before  these  results  are  accepted  as  final  proof 
of  Buch  marked  superiority  of  this  type  of  boiler  equipment. 

WiLLUH  Kent.  The  paper  shows  a  most  important  advance  in  the 
wt  of  construction  and  setting  of  boilers,  and  is  the  record  of  a  remark- 
able aeries  of  long  tests  giving  the  highest  efficiencies  at  high  as.  well 
M  low  rates  of  driving  ever  obtained  from  coal  containing  over  25 
per  cent  of  volatile  matter. 

The  most  notable  thing  about  the  settii^  is  the  enormous  size  of 
the  combustion  chamber.  About  12  years  ^o  I  wrote  concerning  the 
existing  and  earlier  practice  in  boiler  setting  as  follows:     "Thirty  or 
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Fia.  22    Relation  of  Efficiency  to  Ratk  of  Driving 


forty  years  ago  it  used  to  be  the  custom  to  set  boilers  with  the  grate 
surface  near  to  the  shell  of  the  boiler,  12  to  15  in.  being  a  common  dis- 
tance. ...  A  distance  of  2  to  3  ft.  from  the  grate  to  the  boiler 
is  now  common  practice  for  bituminous  coal.  With  very  smoky 
Mial  4  ft.  b  sometimes  used;  and  6  to  8  ft.  would  be  better."  These 
boilers  m  Detroit  have  the  grates  about  10  ft.  below  the  lowest  point 
of  the  heating  surface  and  the  total  height  of  the  furnace,  as  stated 
by  Dr,  Jacobus,  b  about  29  ft.  That  this  is  good  proportionii^, 
*wthy  of  beuig  followed  in  the  future,  is  evidenced  by  the  results 
obtahied  in  the  tests. 

Concerning  the  advbability  of  large  boiler  units,  we  can  only  ad- 
"■ire  the  courage  of  the  Detroit  Edison  Company,  in  making  such  a 
great  advance  over  former  practice,  and  watch  the  results  with  inter- 
est. It  would  be  interesting  a  few  years  hence  to  get  a  statbtical 
record  of  the  numbers  of  times  oacli  boiler  was  thrown  out  of  service 
(m  brickwork  and  tube  troubles  and  for  cleaning,  and  the  length  of 
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time  that  elapsed  after  each  stoppage  before  the  boiler  was  TumiiDg 
again  at  full  pressure.    The  size  of  the  unit  emphasizes  the  neceasity 
of  the  best  possible  brickwork,  tubes  and  workmanship  of  the  best 
quality,  treatment  of  the  feedwater  before  it  enters  the  boiler,  ami 
the  utmost  precautions  to  prevent  the  entrance  of  oil  or  grease. 

As  to  the  economy  or  efficiency  obtained  in  the  tests,  I  have  made 
a  somewhat  extensive  study  of  the  report,  and  have  reached  some  con- 
clusions that  seem  to  be  of  importance.    In  the  first  place,  I  im 
plotted  the  relation  of  the  efficiencies  to  the  rate  of  driving  (Fig.  22) 
using  the  16  long  and  complete  tests,  9  with  Roney  and  7  with  Taylor 
stokers.    The  line  drawn  all  around  the  plotted  points  shows  the  fidd 
covered  by  them.    Many  years  ago  I  plotted  in  like  manner  the  field 
of  the  res}ilts  of  the  boiler  tests  made  at  the  Centennial  Exhibi^n 
in  1876,  and  made  the  remark  that  the  upper  boundary  of  the  field 
represented  the  highest  results  that  could  be  expected,  when  every 
condition  was  most  favorable,  and  the  breadth  of  the  field  (vertically, 
it  was  very  broad)  represented  the  depth  of  our  ignorance  as  to  what 
were  the  best  conditions  and  how  they  might  be  obtained.     At  the 
time  those  tests  were  made  there  was  no  Orsat  or  Hempel  apparatus 
for  analyzing  the  flue  gases,  and  no  one  knew  just  what  composition 
of  gas  was  coincident  with  high  efficiency.    The  field  of  the  Detroit 
tests  is  much  narrower,  and  we  have  the  gas  and  the  coal  analyses  to 
aid  us  in  our  study. 

The  inclined  straight  line  on  the  diagram  corresponds  to  the  equa- 
tion 


E  =  81-1.33^-  3J 


in  which  E  =  the  efficiency  in  per  cent,  W  =  lb.  of  water  evaporated 
from  and  at  212  deg.  per  hr.,  and  S  =  sq.  ft.  of  heating  surface.  This 
line  represents  approximately  the  relation  of  the  efficiency  to  the  rate 
of  driving  for  the  10  best  results  of  the  16.  Comparing  this  line  with 
the  16  tests  we  find  6  Taylor  tests  near  the  [line,  1  (No.  10)  about  2.8 
per  cent  below  it;  4  Roney  tests  near  the  line,  5  from  1.4  to  2.8  per 
cent  below. 

How  much  of  the  deviation  of  the  six  tests  that  'are  considerably 
below  the  line  is  due  to  errors  of  the  test  or  to  errors  in  the  sampUng, 
analysis,  or  calorimetric  determination  of  the  heating  value  of  the 
coal?  The  errors  of  the  test  are  probably  insignificant;  each  test  was 
at  least  24  hours  long,  and  it  is  scarcely  possible  that  the  difference  in 
quantity  and  quality  of  coal  in  the  furnace  at  the  beginning  and  end 
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^  the  test  amounted  to  as  much  as  a  quarter  of  an  hour's  coal  supply, 
"^rtdch  would  make  an  error  of  1  per  cent  in  the  efficiency. 

The  analyses  and  calorimetric  values  show  errors  of  considerable 
iQagoitude,  which  may  be  due  either  to  inaccurate  sampling  or  to 
inaccurate  apparatus  and  methods.  The  following  show  some  of  the 
largest  dbcrepancies : 

Moisture  in  Coal  Ash  in  Coal 

No.  2  No.  4                                      No.  7  No.  12A 

Solvay 1.30  1.94  Solvay 4.85  9.03 

B.AW 2.36  1.66  B.  &  W 6.56  6.58 

B.t.u.  per  unit  Combustible 

By  Calorimeter    By  Analysis    Difterenco 

/Solvay 15,000  15,266  +266 

^*  *  \B.  &  W 14,685  14,381  -304 


Difference —315 

/Solvay 15,497 

^^'       \B.&W 15,629 


+  132 

No    12^  Solvay 14,927 

^°'  ^"^IB.  &W 15,026 


-885 

16,244 
15,910 

+747 
+281 

-334 
15,472 
14,682 

+545 
-344 

-790 

15,423 
15.183 

+403 
+  66 

Difference +99 

f  tarr    *    /Solvay 15,020 

Average  of  16  Tests  |g^^ ^^^^^ 

+97  -240 

The  heating  value  by  calorimeter,  average  of  Solvay  and  B.  &W. 
figures,  was  used  in  the  computations  of  efficiency.  The  greatest 
difiference  is  in  No.  6,  Solvay,  14,528;  B.  &  W.,  15,200;  difference 
672.  The  average  figure  may  possibly  be  336  from  the  true  value, 
or  2.2  per  cent,  but  it  is  more  probable  that  the  Solvay  figure  is  too 
low  and  the  B.  &  W.  figure  too  high,  so  that  the  average  of  the  two 
figures  is  likely  to  be  within  1  per  cent  of  the  true  value.  The  maxi- 
mum probable  errors  of  the  test,  of  the  analysis  for  moisture  and  ash, 
and  of  the  heating  value  may  balance  each  other  for  any  single  test, 
or  they  may  be  added  together  making  a  total  error  of  as  much  as 
2}  per  cent  or  nearly  as  much  as  the  maximum  deviation  of  any  test 
from  the  straight  line  on  the  diagram.     If  there  were  no  other  causes 
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for  the  deviation  we  might  say  that  the  deviation  from  the  line 
due  to  the  errors  named,  but  there  is  another  most  important  one, 
namely,  the  difference  in  the  air  supply  as  shown  by  the  analyni 
of  the  flue  gases,  which  we  will  now  consideTi  AggiiTning  that  the 
possible  errors  above  referred  to  do  not  exist,  that  the  efficiencies  as 
recorded  are  correct,  and  that  the  analyses  of  the  gases  in  the  flue  are 
accurate.  These  analyses  compared  with  those  of  the  gases  taken 
from  the  bottom  of  the  last  pass  show  that  there  was  some  leakage  of 
air  into  the  setting,  but  it  was  not  serious.  The  conclusions  in  Table 
19  from  the  computations  resulting  from  the  analyses  of  the  gases 
drawn  from  the  flue  would  not  be  materially  changed  if  they  liad 
been  made  from  the  analyses  of  the  gases  drawn  from  the  bottom  of 
the  last  pass. 

TABLE  19    RELATKJN  OF  DIFFERENT  VARIABLES  TO  EFFICIENCy 


No.  of  Test  - - 

S 

IR  3.03 

2R  1        2.78 

3H  3.92 

4R  5.26 

5/2  3  24 

6/2  5.20 

10/e  3.40 

17  li  6.67 

iHff  6.75 

7T  5  22 

87'  3.72 

97'  5.62 

107'  3.22 

lir  7.29 

127'  4.18 

147'  0.40 


77.84 
79.88 
77.45 
75.78 
81.15 
75  28 
80.98 
76.73 
75 .  57 
77.07 
80.28 
77.85 
77.90 

75  84 
79.24 

76  42 


// 

4.55 
4.36 
4.48 
4.49 
4.29 
4.74 
4.18 
4.47 
4.<H 
4  58 
4.8 
4  31 
4.34 
4  47 
4.46 
4.51 


A' 


15.150 
15.180 
15.220 
14.790 
14.760 
14,860 
15,550 
15.560 
15.120 
14.850 
14.840 
15,090 
15.140 
14.950 
14.980 
15.060 


302 
302 
306 
304 
310 
305 
304 
306 
312 
312 
315 
318 
313 
301 
316 
J13 


20.98 
17.50 
10.13 
16.05 
17.25 
16.90 
18.60 
17.00 
17.73 
17.60 
18.30 
17.13 
21.12 
16.31 
18.33 
17.70 


357 


961 
165 
26't 
1« 
3M 
183 

m 


153 
313 
151 
in 


Averugc 


15.060 


300 


m 


One  peculiar  thing  is  noticeable  in  these  analyses.  In  13  out  of  16 
tests  the  percentage  of  CO  was  higher  in  the  flue  than  it  was  at  the 
bottom  of  the  last  pass  and  at  the  top  of  the  last  pass,  but  m  only  one 
ciise  was  it  higher  at  the  top  than  at  the  bottom  of  the  last  pass.  In 
test  No.  7,  the  CO  wiis  0.08  at  the  bottom  of  the  last  pass,  0  at  the 
top  and  0.42  in  the;  flue.  This  indicates  errors  in  the  analysis,  which 
are  not  surprising,  as  it  is  difficult  in  the  ordinary  use  of  either  the 
Orsat  or  Ilcmpol  apparatus  to  get  accurate  figures  for  CX). 

In  studying  thf^  relation  of  the  air  supply  to  the  efiiciency.  Table  19 
was  \is(h{,  wliich  cuntains  t\\o  ])rincipal  figures  taken  from  the  report 
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nd  some  results  computed  from  the  figures.  The  letters  in  the  table 
tave  "tbe  following  meaning:  R,  Roney  stoker,  T,  Taylor  stoker, 
F 


of  driving,  or  lb.  of  water  evaporated  from  and  at  212  deg. 


hr.  per  sq.  ft.  of  heating  surface,  Ey  efficiency  per  cent,  J?,  loss 
f  efficiency  due  to  hydrogen  in  coal,  if ,  heating  value  of  the  coal  per 
init  combustible,  t,  temperature  of  saturated  steam  minus  tempera- 
of  the  boiler  room,  /,  lb.  of  dr^--  gas  per  lb.  of  carbon  burned. 


11^^^         *u    *         1    /       llC02  +  80  +  7(CO  +  N) 
alculated  from  the  formula /= 37CO  -i-CO'i '  ^'  ^^" 

fficient  of  performance  described  below. 
The   values  of  a  are  found  from  the  formula^ 

=  K-tcf  _  K(E  +  H)X(K-tcf)S 
l  +  iC^ 

In  this  formula  c  is  the  specific  heat  of  the  gases,  taken  as  0.24,  and 
K  the  radiation  in  units  of  evaporation  (1  unit  of  evaporation  =  970 
B.t.u.)  p>er  sq.  ft.  of  heating  surface  per  hour,  taken  in  this  case  at 
).05y  "which  corresponds  to  a  radiation  loss  equal  to  IJ  per  cent  of  the 
:ieat  absorbed  by  the  boiler  when  it  is  driven  at  a  rate  of  3  units  of 
evaporation  per  sq.  ft.  of  heating  surface  per  hour. 

The  coefficient,  a,  or  the  criterion  of  performance,  means  that  when 
the  efficiency  is  obtained  as  a  result  of  a  test,  all  the  variables  that 
that  can  be  measured,  such  as  A',  t,  /,  S,  W,  andH  being  kno>\'n,  and 
the  values  of  R  and  C  estimated  as  nearly  as  possible,  then  a  is  a 
coefficient  of  performance  covering  all  the  other  variables  whose  values 
Are  not  measured,  such  as  imperfect  combustion,  resistance  of  the 
heating  siurface  and  its  coatings  of  soot  and  scale  or  grease  to  trans- 
of  heat,  short-circuiting  of  the  gases,  velocity  of  the  gases. 
In  this  case  it  covers  also  the  loss  of  efficiencv  due  to  carbon  in 
The  value  of  a  in  tests  that  show  high  efficiency  is  usually 
between  200  and  400;  the  higher  the  efficiency,  other  things  (such  as 
air  supply)  being  equal,  the  lower  the  value  of  a.  The  theory  upon 
which  the  formula  is  based,  is  given  at  length  in  Steam  Boiler  Econ- 
omy,* but  it  may  be  considered  without  reference  to  theory  as  an 
empirical  formula  to  be  used  as  a  criterion  of  boiler  performance. 

In  these  tests  the  values  of  a  run  from  138  to  261,  averaging  194. 
Let  ufl  trace  the  relation  that  may  exist  between  the  different  values 
of  a  and  other  variables. 

Boiler  Economy,  William  Kent,  p.  220. 
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Kind  of  stoker.  All  of  the  seven  tests  with  the  Taylor  stoker  f 
what  may  be  called  low  values  of  a,  from  138  to  212,  averagiiix  J 
The  Roney  stoker  gave  values  ran^i^  from  146  to  261,  anng 
208.  The  high  values  are  coincident  with  deficient  air  supply  and  i 
not  due  to  the  stoker  itself. 

Rate  of  drinng.  Twelve  out  of  the  16  tests  give  values  of  a  fra 
W  . 
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Fia.  23    Relation  of  n  to  /,  0  akd  CO 
range  from  3,22  to  7.29.     The  four  tests  ^ving  higher  valuM.  22 


IF, 


The  value  rf ' 


thus  appears  to  be  independent  of  the  rate  of  driving,  and  this  iwE 

catea  that  the  velocity  of  the  gases  along  the  heating  surface,  withi 

the  limits  of  these  tests,  is  not  one  of  the  factors  of  efficiency.     In  te 

W 
No.  11,  with  -=-  =  7.2<t  and  efficiency  =  75.84  per  cent,  the  velw 


of  the  gases  is  more  than  donlili'  th;it  in  No.  10  with 
eflSciency  =  77.90  per  cent. 


H' 


3.22  1 
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PereerUage  of  oxygen  in  the  dry  gases,  and  weight  of  dry  gases  per 
^fwd  of  carbon  burned.  With  the  exception  of  one  erratic  test, 
fo.  3y  a  ^iproaches  its  minimum  values  when  the  oxygen  is  above  5 
^  cent,  and  when  the  weight  of  gas  per  lb.  of  carbon  burned  is  above 
17.5  lb.  (see  Fig.  23).  The  reason  for  this  is  apparently  that  below 
these  figures  there  is  more  or  less  imperfect  combustion,  as  is  evidenced 
by  the  increasing  per  cent  of  CO  in  the  gases. 

Per  ceni  of  CO  in  the  gases.  In  Fig.  23,  the  relation  of  the  value 
of  a  to  CO  is  plotted.  Excepting  Nos.  2,  5  and  7,  the  plotting  shows 
a  somewhat  definite  relation  between  these  two  variables.  Values  of  a 
bdow  212  are  all  found  with  CO  =  0.20  or  less,  except  No.  7,  which 
gives  a  =  192  for  CO  =»  0.42,  and  No.  5  which  gives  a  =  165  for  CO  = 
0.35,  but  this  may  be  due  to  an  error  in  the  analysis  or  in  the  record. 
In  the  case  of  No.  7  the  per  cent  of  CO  in  the  bottom  of  the  last  pass 

TABLE  so     THEORETICAL  EFFICIENCIES  OBTAINED  FROM  CONDITIONS  OF 

DETROIT  TESTS 


1 

W  ^ 

a  " 

3 

4 

1 
I 

5 

6 

7 

•  *  200./- 

18 

82.20 

I 

81.17 

80.03 

78.81 

77.53 

/- 

18 

80.08 

78.68 

77.15 

75.53 

73.87 

/- 

20 

77.81 

76.00 

74.02 

71.94 

09.87 

■-150./-    , 

18 

81.40 

80.44 

70.36 

78.17 

76.96 

•-250./- 

18 

78.75 

76.92 

74.95 

72.88 

70.79 

t 

*8  O.08  and  in  the  top  of  the  last  pass  0.    All  tte  tests  with  the  Taylor 

*^ker  with  this  exception  gave  less  than  0.20  for  CO  in  the  flue  gases, 

^d  all  gave  a  less  than  212.     In  the  Rouey  tests  the  CO  covers  the 

^hole  range  from  0.05  to  0.52,  and  the  value  of  a  the  whole  range  from 

^46  to  261. 

Other  variables.    According  to  the  formula  from  which  the  values 

^t  a  are  derived  the  efficiency  depends  chiefly  on  the  rate  of  driving 

W 

"]j  >  and  on  the  air  supply  or  the  pounds  of  dry  gas  per  pound  of  car- 

■^n,/.    It  also  depends,  but  to  a  much  smaller  extent,  on  Kj  t  and  R. 

The  differences  in  the  values  of  these  variables  in  these  tests  are  not 
great  enough  to  make  any  material  difference  in  the  values  of  a  and 
fctey  do  not  explain  the  erratic  values  found  for  Nos.  2,  3,  5  and  7. 
These  are  possibly  due  to  errors  in  the  analyses  for  ash  and  moisture, 
which  would  make  the  reported  efficiencies  inaccurate  and  lead  to 
iTong  values  of  a. 
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The  writer's  formula  for  the  relation  of  efGciency  to  the  n 
driving,  to  the  air-supply  and  to  the  other  measurable  van 
upon  which  hoiler  efficiency  depends,  is 


K-tcf QlOad'pW 

k(i  +  ^)    ^(^~^f)s 


Taking  as  the  conditions  which  approximately  correspoDd  to 
of  the  Detroit  tests,  H  =  4.5,  A'  =  15,000,  (  =  300,  c  -=  0.24, 


efficiencies  in  Table  20  are  obtjtined. 
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These  figures  are  plotted  in  five  curves  in  Fig.  24,  and  the  ^SctflD 
obtained  in  the  Detroit  tests  are  plotted  inside  of  the  field  covered 

the  curves.     For  -~-  i^bove  3  the  curves  are  approximately  atnii 

lines;  somewhere  below  3  they  begin  to  curve  downwards,  so  u 
W 

approximate  may  be  represented  by  the  following  fonnulae: 

o  -  201),  /  =  10,  i'  -  S2  -  1.17  (~  -  3) 

/-lS,£-80-1.55(J_  3J 
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/  =  20,  ^  =  78-2.00 


a  =  150,  /  =  18,  E  =  81.5  -  1.11  (^  -  3j 

a  =  250,/=18,i?  =  79-2.00    (^  -  s) 

The  straight  Kne  corresponding  to  the  ten  best  Detroit  tests,  the  for- 

W 
mula  being  -B  =  81  -  1.33  (—  —  3),  is  also  shown  in  Fig.  24. 

aS 

The  fact  that  the  ten  best  of  the  Detroit  tests  all  lie  within  the 
narrow  field  bounded  by  the  curves  marked  /  =  18,  a  =  200  and 

W 
/  =  18,  a  =  150,  whose  maximum  width  where  "^  =  3  corresponds  to 

W 
only  1.32  per  cent  range  of  efficiency,  and  where  -^  =  7  to  3.09  per 

cent,  is  a  Jiighly  satisfactory  confirmation  of  the  usefulness  of  the 

writer's  formula  and  of  the  curves  drawn  from  it.    The  formula  itself 

18  riither  cimibrous,  but  when  the  radiation  loss  is  small,  as  it  is  in 

very  large  boilers  when  driven  above  their  normal  rating,  the  simpler 

straight  line  formulae  and  curves  drawn  from  them  may  bo  used  instead 

W 
of  it.    The  straight  line  formulae  are  valid  only  when  -^  >  3. 

The  most  important  conclusion  to  be  drawn  from  the  set  of  curves 

in  Fig.  24,  is  the  great  importance  of  keeping  down  the  air  supply  at 

W 
Kgh  rates  of  driving,  so  that  /  does  not  exceed  18.    When  —  =  7,  an 

increase  of /from  18  to  20  corresponds  to  a  decrease  of  efficiency  from 
73.9  to  69.9  per  cent.  The  drop  in  efficiency  increases  much  more 
npidly  if/ increases  beyond  20,  and  if  the  rate  of  driving  is  increased 

^yond  -«-  =  7.    An  increase  of  /  from  18  to  20,  causes  a  greater 
o 

decrease  of  efficiency  than  an  increase  of  a  from  200  to  250.  The  need 
^^  analysis  to  control  the  regulation  of  the  air  supply  becomes  of 
^5feat  importance  at  high  rates  of  driving. 

The  curves  in  Fig.  24  may  be  used  in  answering  the  question 
'^^ether  it  pays  to  drive  boilers  in  excess  of  3  lb.  evaporation  per  sq.  ft. 
^  heating  surface  per  hour,  the  approximate  point  of  maximum  fuel 
®^omy,  since  they  show  what  loss  in  efficiency  may  be  expected  at 
^^  higher  rates  of  driving  with  diflforent  assumed  values  of  /  and  a. 
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Whwe  co&l  is  cheap  and  when  boil««  are  to  be  run  at  maxiii 
capacity  for  only  a  few  hours  a  day,  the  loss  ia  fuel  by  r^nd  dr 
may  be  more  than  offset  by  the  reduction  in  interest  on  the  inrsitiii 
when  one  boiler  is  made  to  do  the  work  usually  expected  cf  tn 
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S'x  Poerer  Teifs                                Ten  Beit  rtars 

?THB  Variation  OP  EpriciBNcT  to/,  CO,  0 


more.  The  Detroit  tests  give  us  definite  figures  of  the  i 
efficiency  due  to  increased  rates  of  diiving  when  a  good  p 
minous  coal,  very  low  in  moisture,  is  used.  With  sem 
coal  the  lines  showing  decrease  of  efficiency  would  be 
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km  the  horizontal,  but  with  poorer  grades  of  bituminous  coals,  high 
volatile  matter  and  moisture^  the  line  would  be  steeper,  indicating 
all  greater  decrease  of  efficiency  at  high  rates  of  driving. 

Taking  the  formula  J5  =  81  —  1.33  (-=-  —  3)  as  representing  the  aver- 

B  of  the  ten  best  Detroit  tests  and  comparing  the  efficiencies  actually 
tained  at  the  several  rates  of  driving  with  those  given  by  the  f or- 
Ja^  and  arranging  them  in  the  order  of  the  rate  of  driving,  the  results 
Tables  21  to  24  are  obtained. 


TABLE  21  TEN  BEST  RESULTS 


of  test 


'mula. 


-«3ce. 


5A 

18A 
3.40 

8r 

3.72 

i2r 

3.34 

4.18 

80.« 

80.47 

80.04 

70.43 

81.15 

80.08 

80.28 

79.24 

+0.47 

+0.51 

+0.34 

-0.19 

IT 


%T 


5.22  5.62 

78.04  I  77.50 

77.07  i  77.85 

-0.97  i  +0.29 


i4r 

1712 

18S 

6.40 

6.67 

6.75 

76.47 

76.11 

76.00 

76.42 

76.73 

75.57 

-0.06 

+0.62 

-0.48 

iir 


7.39 

75.28 

75.84 

+0.56 


TABLE  22    SIX  LOWER  RESULTS 


No.  of  teat 


KDrmula. 


tnoe. 


2A 


2.78 

81.29 

79.88 

-1.41 


lor 

\R 

m 

6A 

3.22 

3.63 

3.92 

5.20 

80.71 

80.16 

79.77 

78.07 

77.90 

77.84 

77.45 

75.28 

-2.81 

-2.32 

-2.32 

-2.79 

4A 


5.26 

77.99 

75.78 

-2.21 


lotting  the  relation  of  the  differences,  that  is  the  deviation  of  the 
•iencies  obtained  in  the  several  tests  from  an  average  line  drawn 
>xigh  the  plotting  of  the  ten  best  tests,  we  reach  the  following  con- 
»ions  (see  Fig.  25) : 

^ciue  off.  The  ten  best  results  were  obtained  with/  between  17.1 
1  18.6  except  test  11  T,  in  which  /  was  only  16.31.     In  this  test 

^  7.29,  the  highest  rate  of  driving.  The  0  in  the  flue  gases  was  only 

'6,  yet  the  CO  was  only  0.17,  a  most  exceptional  analysis,  showing 

arly  perfect  combustion  with  a  very  small  excess  of  air-supply  over 

8  theoretical  requirement  of  11.52  lb.  air  per  lb.  of  carbon.     Of  the 

low  results,  three  were  obtained  with  low  values  of  /,  from  16.7 


Steam  Boiler  Economy,  p.  225. 


618 


TESTS   OF  LiARQE  B0ILEB8 


to  17.6,  three  with  high  valueS;  19.1  to  21.1.  In  order  to  obtain  tlie 
highest  efficiency,  therefore,  it  seems  necessary  to  keep  /  at  or  below 
18.6;  but  if  it  is  below  17.6  the  efficiency  may  be  either  high  or  Jot, 
depending  on  the  percentage  of  CO  in  the  gases. 

Value  of  CO.     Eight  of  the  ten  best  results  were  obtained  with  CO 
from  0.04  to  0.20;  of  the  two  others,  No.  5  gave  0.35,  and  No.  7, 0.42 

TABLE  23    TEN  BEST  RESULTS 


No. 

DlffereDOO  | 

1 

W 

s 

/ 

1 

a 

0 

CO 

COi 

17R 

+0.62 

6.67 

17.09 

204 

1 
4.55 

O.M 

I4.N 

IIT 

+0.50 

7.29 

16.31 

212         1 

3.80 

0.17 

15  45 

im 

+0.51 

3.40 

18.60 

165 

5.02 

0.07 

14« 

hR 

+0.47 

3.24 

17.25 

165 

454       . 

0.35 

14.40 

»r 

+0.29      1 

5.62 

17.13 

208 

4.57 

0.12 

14.74 

%T 

+0.24 

3  72 

,      18.39 

138 

5.82 

O.IO 

13  69 

14  r 

-0.05 

6  40 

17.79 

173 

5.08 

0.06 

14.20 

12T 

-0.19 

4.18 

1      18.33 

155 

5.73 

0.04 

13.79 

\%R 

-0.43      1 

6.75 

17.73 

182 

5.04 

0  10 

14.16 

IT 

-0.97 

1 

5.22 

17.60 

1 

192 

5.50 

0.42 

14.00 

Averaee. . 

17.62 

179 

5.06 

0.17 

14.38 

TABLE  24    SIX  LOWER  RESULTS 


No. 


\R 
ZR 

lor 


Average 

2/2 
4/2 
6/2 

Average 


Dlflfcrvnce  ■ 


■2.32 
-2  32 
■2.81 


-1.41 
-2.21 
-2.79 


W 
S 


3.63 
3.92 
3.22 


2.78 
5.26 
5  20 


20.08 
19.12 
21.13 


20.41 

17.59 
16.65 
16.99 

17.08 


146 
228 
152 

175 

257 
261 
260 

259 


O 

7.55 
6.46 
7.56 

7.32 

4.54 

3.96 
4  23 

4.24 


CX) 

0.05 
0.18 
0.06 

0  10 

0  11 
0  54 
0.31 

0.32 


OOf 

II  M 
13  05 
II.« 

12  29 

i4n 

14  71 

u.s; 


CO.     These  may  be  due  to  errors  in  the  analyids,  as  in  both  casestk 
CO  in  the  flue  was  much  higher  than  it  was  either  at  the  bottom  or  top 
of  the  last  pass.    Tliis  might  possibly  have  been  due  to  the  burmDt 
of  carbon  i)articlos  in  the  gas  to  CO  between  the  bottom  of  the  hsU 
pass  and  t  ho  flu(^  but  it  is  not  probable.     Of  the  six  low  tests  two  werc 
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doe  to  high  CO,  0.31  and  0.54  and  consequent  imperfect  combustion. 
In  the  other  four,  CO  was  low,  0.06  to  0.18  but  in  three  of  them  the 
low  efficiency  was  due  to  excessive  air  supply,  /  being  19.1  to  21.1; 
in  the  fourth.  No.  2,  CO,  0  and/  are  all  low  and  the  cause  of  the  high 
value  of  a,  and  of  the  efficiency  being  1.41  below  the  line  is  not  appar- 
ent.  It  is  probably  due  to  errors  of  analysis. 

Value  of  0.  The  ten  high  results  were  obtained  with  0,  from  3.86 
to  5.82.  Of  the  six  low  results,  three  were  obtained  with  high  O, 
6.46  to  7.96,  and  three  with  low  0,  3.96  to4.54.  To  obtain  the  highest 
efficiency,  therefore,  the  0  in  the  flue  gases  must  be  below  6,  but  if  it 
»  below  4.6  the  efficiency  may  be  low,  on  account  of  imperfect  com- 
•ustion. 
Value  of  COi.  The  ten  high  tests  gave  CO2, 13.7  to  15.5,  with  0, 
96  to  4.54;  three  of  the  six  low  tests  gave  CO2, 14.3  to  14.7,  the  other 
tree  low  tests  gave  low  CO2,  11.9  to  13.1,  corresponding  to  high  0, 
46  to  7.96.    It  therefore  appears  that  high  efficiencies  require  CO2 


TABLE  25    CALCULATED  EFFICIENCIES  BY  FOUR  FORMULAE 


•etrolt 

yomlng... 
^Inclnoati. 
^ntennlal. 


81 
80 
79 
79 


78.67 
78.58 
77.62 
77.0 


78.34 
77.16 
76.24 
75.0 


6 


77.01 
75.74 
74.86 
73.0 


8 


74.35 
72.90 
72.10 
69.0 


10 


71.69 
70.06 
69.34 
65.0 


12 


69.03 
67.22 
66.58 
61.0 


14 


66.37 
64.38 
63.83 
57.0 


to  be  not  lower  than  13.7  but  that  the  efficiency  may  be  low  with  CO2 
as  high  as  14.7  if  0  is  low  and  CO  high.  A  COj  indicator  is  therefore 
a  very  useful  instrument  for  showing  when  the  CO2  gets  below  13.7, 
^en  low  efficiency  is  obtained,  but  if  it  shows  14  to  15  there  is  no 
assurance  that  efficiency  is  not  low  on  account  of  low  O  and  high  CO. 
^  oxygen  indicator  would  be  much  more  desirable,  for  if  0  is  between 
^•5  and  6,  CO  will  be  low  and  /  not  above  18.6,  which  are  the  condi- 
tions for  the  highest  efficiency. 

^alue  of  a.  The  ten  high  results  give  a,  138  to  212,  the  three  above 
192  giving  low  0,  3.86  to  4.57,  and  low  /,  16.31  to  17.13.  Of  the  six 
low  results,  three  gave  a  high,  257  to  261,  >vith  low  0, 3.96  to  4.54, 
W/,  16.66  to  17.59,  and  in  two  cases  high  CO,  0.31,  0.54,  evidence 
oi  imperfect  combustion.  The  third  case  is  2fl,  with  low  CO  = 
0.11,  and  a  =  257,  an  exceptional  result,  as  before  noted.  The  other 
three  low  results  gave  a  low  to  medium,  146  to  228,  with  high  0  and 
/,  and  low  CO. 
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A  further  study  of  causes  of  deviation  of  the  results  of  single  t 
from  the  average  line  of  the  ten  best  tests  might  be  made  by  oonsi* 
ing  the  differences  in  carbon  in  the  ash  and  in  unaccounted  for  1 
but  as  these  are  not  great  such  study  would  not  modify  the  oon 
sions  already  drawn. 

For  the  purpose  of  comparing  the  Detroit  tests  with  the  result 
other  series  of  tests  that  have  shown  high  records,  the  writer  has  ta 

TABLE  26    ACTUAL  RESULTS  OOMPARED  WITH  FORMULAS 

No.  fl         No.  6 


Wyoming j     No.  1         No.  2  No.  8  No.  4 

I ' '  _  -_ 

-—--■■  ■  ■  -       -  ....  I .     -  . 

0.43  9.03  10.52    ,      lO.tt    I      M.76 


I 


^ 3.88 

S 

Efficienfty  by  formula i  78.74    ,     76.12         71.44         09.68    i     09.08    ,      63.29 

Effioleaoy actual 74.39    !     78.95         72.00         72.80    ,     09.18    I      68.25 


Differenoe —4.85 


-1.17    I    +0.62        +3.12    '    -0.50    '     -0.04 


Cincinnati   I     No.  1        No.2         No.  8         No.4    '     No.  6    I     No.  5        So.: 


W  I 


5.18    ;       5.57  8.42  8.75  9.58    >      10.07        tt.tf 


S 

Efficiency  by  formula 75.99    •      75.45         71.42         71.07    .      69.92  69.34        «.» 


I 


Efficiency  actual 74.8     j     77.9     '     70.4     i      70.6     '     68.2  70.1         M.5 

i_        _  _'        _         i  _  _ 

Differenoe '    -1.19        +2.45        -1.12    ,    -0.47        -1.72        +0.86      +«» 


Centennial Root  <   Smith  B.&W.  Smith  Galloway 

...    I  '  '     -  ' 

2.586          2.785  2,791  3.739  4.178 

S 

Efficiency  by  formula 79.83  >      79.43  79.42  77.52  76.66 

Efficiency  actual 79.30          78.07  77.51  78.20  75.95 

Difference -0.53  ;    -1.36  -1.91  +0.68  -0.71 


the  tests  of  Babcock  &  Wilcox  marine  boilers  for  the  United  State* 
Cruiser  Cincinnati,  and  the  United  States  battleship  Wyoming/ whic' 
were  made  with  semi-bituminous  coal.  He  has  also  selected  thefi*^ 
best  tests  with  anthracite  egg  coal  made  at  the  Centennial  Exhibit!^ 
in  1876.    From  the  plottings  of  these  tests  the  following  ionanX' 

^  See  Annual  Report,  Ch.  of  Bureau  Engrg.,  1900;  Trans.  Am.  Soc.  M.  ^ 
vol.  32, 1139;  Steam  Boiler  Economy,  Wm.  Kent,  p.  394;  Industrial  Enginecri^ 
March,  1911,  p.  175. 
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have  been  derived;  the  straight  line  formula  of  the  Detroit  tests  is  also 
ipven  for  comparison: 

At.  ..ESl-hSsC^-s)    ancinnati....£  =  79- 1.38(^-3) 

Wycxning.£?=80-lW^-3)    Centennial. .  .^=79-2W~ -3J 

Using  these  formulae  for  calculating  efficiencies  at  different  rates  of 
driving,  the  results  as  given  in  Table  25  are  obtained. 

The  results  calculated  by  means  of  the  formulae  compare  as  shown 
in  Table  26  with  the  results  obtained  in  the  tests  (the  comparison  for 
the  Detroit  tests  having  already  been  given). 

The  Centennial  tests  still  remain  the  best  standard  of  comparison 
for  anthracite  coal.  The  five  tests  selected  above  are  the  best  out  of 
the  economy  and  capacity  tests  of  thirteen  different  boilers.  The 
results  of  these  five  tests  have  never  been  excelled  with  anthracite 
in  any  tests  reported  by  competent  authority. 

The  Cincinnati  and  Wyoming  tests  had  one  advantage  over  the 
Detroit  tests:  they  were  made  with  semi-bituminous  coal.  They  also 
bad  one  disadvantage:  the  restricted  space  in  the  furnace  for  combus- 
tion of  the  volatile  gases.  Had  the  Cincinnati  and  Wyoming  tests 
been  made  with  the  bituminous  coal  used  in  the  Detroit  tests  they 
would  probably  have  given  considerably  lower  figures,  and  had  the 
Detroit  tests  been  made  with  semi-bituminous  coal  the  figures  might 
have  been  about  1  per  cent  higher,  on  account  of  the  coal  being  lower 
n^  hydrogen  and  oxygen. 

The  Detroit  tests  are  remarkable  for  the  uniformity  with  which  the 
oxygen  in  the  chimney  gases  was  kept  so  low,  in  all  but  three  or  four 
*^sts,  as  to  keep  the  chimney  loss  at  very  low  figures  on  account  of 
*he  difficulty  of  obtaining  complete  combustion  of  coal  high  in  vola- 
tile matter  in  furnaces  with  small  combustion  chambers;  and  at  the 
f*^e  time  have  almost  perfect  combustion.  Dr.  Jacobus  might 
^orm  us  what  means  were  taken  to  insiure  the  air-supply  being 
^^ulated  with  such  uniformity. 

R-  C.  Carpenter.  I  have  made  many  tests  of  boilers  of  the  same 
^i^truction  and  provided  with  stokers  essentially  similar  to  one  of 
Jhese  tested,  and  I  have  never  obtained  results  so  remarkably  good. 
^  ^ight  also  state  that  I  never  tested  such  large  boilers. 

I  have  concluded  that  the  high  results  obtained  were  due  to  the 
Method  of  operating  the  furnace  and  to  the  very  high  grade  of  coal 
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u.sed,  together  with  the  remarkable  control  of  the  air  supply.  The  flue 
gas  analyses  show  that  practically  all  of  these  tests  were  run  with  the 
nunimum  air  supply  thus  producing  maximum  C0|.  The  air  supply 
was  such  that  there  was  a  little  CO  in  the  discharge  flue.  These  con- 
ditions, I  believe,  tend  to  maximum  economy. 

In  a  series  of  experiments  which  happened  to  relate  to  the  burning 
of  cement  in  a  kiln,  where  the  condition  of  air  supply  was  under  con — ^j 
trol  and  could  be  varied  rather  more  than  in  a  boiler  which  I  once^^ 
made,  I  found  that  the  critical  condition  for  highest  economy  was  whencs 
a  small  amount  of  CO  appeared  in  the  discharge  gases^approximately^ 
as  shown  in  the  test  of  the  Detroit  boilers. 

It  is  interesting  to  note  that  the  same  remarkable  control  of  thi 
air  sup])Iy  was  maintained,  whether  the  fires  were  banked  or  wer^ 
being  pushed  to  the  extreme  limit. 

There  are  two  or  three  points  in  the  tests  regarding  which  furthe:^ 
infonnation  would  be  acceptable.  I  note  that  the  particular  settini 
of  this  boiler  is  such  that  discharge  gases  can  pass  through  the  hea 
ing  surface,  on  either  side.  I  would  naturally  expect  under  that  cor 
dition  that  there  would  be  a  great  difference  of  draft  on  the  two  sid( 
The  maximum  air  current  would  sometimes  bring  a  draft  on  oi 
side,  sometimes  on  the  other.  I  should  also  expect  that  the  tei 
perature  of  discharge  on  the  different  sides  of  the  boiler  might 
different.  I  think  it  would  be  desirable  for  Dr.  Jacobus  to  give  « — is? 
infonnation  as  to  what  he  found  concerning  the  regularity  of  dra^  "ft 
and  temperature  on  these  two  sides,  and  also  whether  he  recorded  tfc=^e 
difference  in  temperatures  found  on  the  two  sides. 

It  would  he  interesting  also  if  he  would  tell  us  the  temperature         ^^ 
the  gases  in  the  diffen^nt  passers  through  the  boilers.     He  gives 
temperature  of  the  gases  in  the  discharge,  but  not  at  various 
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E.  J.  Billings.     In  view  of  tlie  value  and  extremely  interestii^^^'^ 
features  of  the  pai)er  whicli  hiis  been  presented,  it  is  hoped  that  a  U 
eritieisnis  of  tlie  analytical  work  will  not  be  out  of  place. 

In  Table  8,  it  is  noted  that  the  average  of  the  heat  units  per  poui 
of  coinhustibli?  as  found  by  one  laboratory  sigrees  with  the  coi 
sponding  ealcuhited  values  very  closely.     The  work  of  the  other  h 
oratory  does  not  agree  so  well.     Taking  the  column  headed  "B. 
"W'.*'  under  "B.t.u.  per  pound  of  coinl)ustible"  and  omitting  tests 
10  and  No.  17  (wliicli  were  made  on  a  different  kind  of  coal),  we 
the  averag*^  to  Ikj  15.045  B.t.u.  and  the  mean  deviation  from  t 
average  to  be  170  B.t.u.     In  a  similar  manner  the  average  oft 
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:vay"  column  is  found  to  be  14,953  B.t.u.  and  the  mean  devia- 
from  the  average  to  be  150  B.t.u. 

these  mean  deviations  are  both  larger  than  the  conditions 

to  warrant,  the  conclusion  is  nevertheless  that  the  cause  for 

wide  disparity  in  the  individual  analyses,  particularly  the  ash  and 

-.  u.  determinations  of  the  two  laboratories,  must  be  sought  in  the 

plingand  preparation  of  the  final  samples  rather  than  in  the  actual 

lytical  work. 

articular  mention  might  be  made  of  test  No.  6  in  which  the  B.t.u. 

pound  of  dry  coal  as  determined  by  the  two  laboratories,  shows 

^uiation  of  929  B.t.u.  or  a  variation  of  464  B.t.u.  from  the  average 

he  two  results.     Had  the  results  of  either  laboratory  been  used  in 

^::ulating  the  heat  balance,  the  boiler  efficiency  would  have  been 

•^red  through  addition  or  subtraction  by  2.5  per  cent,  thereby  intro- 

in  all  probability  the  largest  error  of  the  test. 

^  ,^^     ^t  has  been  demonstrated  in  previous  proceedings  of  this  Society 

^  *^t  close  checking  in  laboratory  work  is  ^v^th  reavsonable  care  not  only 


^sible  but  to  be  expected  even  under  more  adverse  conditions  of 
'^^^pling  than  those  prevailing  on  these  tests. 

Jbr  the  benefit  of  those  who  are  particularly  interested,  it  is  hoped 
*^^t  the  author  will  be  able  to  throw  some  additional  light  on  this 
of  his  paper. 


J.  W.  Tho&ias.  I  have  been  disappointed  in  not  being  al^le  to  put 
before  the  Society  the  results  of  tests  on  boilers  very  similar  to  the 
Detroit  boilers  which  are  being  installed  at  the  plant  of  the  Dayton 
*^ower  and  Lighting  Company  at  Da^-ton,  0.  These  boilers  are  of  the 
Same  general  construction  as  the  Detroit  l)()ilers  and  have  the  same 
characteristics,  but  are  onlj'  half  tlic  length  and  have  a  capacity  of 
approximately  1200  b.h.p. 

With  regard  to  the  building  nniuired  to  house*  ])oilers,  in  the  case 
of  the  boilers  referred  to  at  Dayton  the  room  was  restricted,  as  they 
had  to  go  into  an  old  boiler  house,  but  we  w(Te  able  to  get  3600  rated 
h.p.  in  a  floor  space  approximatel}^  45  bj-  ()4  ft.  In  these  boilers  the 
grate  area  is  about  20  per  cent  larger  in  proportion  to  the  size  of  the 
boiler  than  in  the  case  of  the  Detroit  plant.  They  are  equipped  with 
Taylor  stokers  having  sl\  retorts  to  a  side,  making  twelve  retorts  to 
oach  boiler,  with  an  extended  grate  of  18  ia.  on  either  side,  which 
makes  our  fire  box  a  little  l(\ss  than  18  ft.  across  and  13  ft.  long.  In  the 
operation  of  these  boilers  we  are  getting  with  approximately  1  in.  of 
draft  about  175  per  cent  rating. 
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Another  feature  that  is  noticeable  is  that  the  fires  on  both  sklee 
the  furnace  have  a  tendency  to  pull  apart,  that  is,  the  fire  does  i 
meet  in  the  center  of  the  combustion  chamber,  but  pulls  back  a 
clings  very  closely  to  the  sides  of  the  boiler  tubes.  This  fact  may 
plain  the  great  capacities  which  we  get  out  of  the  boiler  and  poni 
another  explanation  is  that  the  fire  on  the  first  pass  which  coata 
nearly  60  per  cent  of  the  heating  surface  chngs  very  closely  to  the  tut 

A.  Bement.  These  tests  are  especially  valuable  in  presenting  n 
and  authoritative  data  on  some  of  the  features  which  influence  c 
determine  efficiency.  The  matters  in  which  I  am  specially  intoear 
are  the  radiation,  unaccounted  for  losses,  and  efficiency. 

table  27  AVERAGE  HEAT  BALANCE 


Heat  absorbed  by  boiler 

Heat  lost  by  motfture  In  coal . . 
Heat  lost  by  hydrogen  in  coal . 
Heat  k»t  to  chimney  (dry  gas) 
Heat  lost  by  mototure  In  air . . . 
Heat  lost  in  carbon  monoxide  . 

Heat  lott  by  carbon  in  ash 

Heat  lost  by  radiation 


1 

BonjiKWim 

Roney  Stoker           TliarlorSloka 
'           0Teets                       7THti 

1 

77.88 

77.80 

0.19 

>               0.18 

1 
4.47 

4.48 

'               11. «7 

'              11.48 

0.29 

1               0» 

0.82 

O.M 

2.01 

2.81 

2.72 

2.8! 

100.00 

100.00 

The  radiation  loss  being  determined  by  difference,  as  a  remaiiL< 
has  resulted  in  loss  due  to  incomplete  combustion  other  than  tha 
carbon  monoxide,  being  included  with  that  of  radiation.  Thus  ra,' 
tion  has  been  made  to  appear  larger  than  it  is.  Sometimes,  howe 
when  the  engineer  has  felt  doubtful  or  troubled  about  the  magnit 
of  the  figure,  he  has  reported  it  as  "radiation  and  imaccounted  U 
But  the  unaccounted  for  portion  of  the  item  has  not  always  been  gi 
sufficiently  serious  thought.  Owing  to  the  great  difficulty,  oi 
fact  the  practical  impossibility  of  obtaining  radiation  directly,  it 
been  conceded  that  under  the  circumstances  the  best  or  only  way  * 
by  difference,  which  in  itself  should  be  a  simple  matter  provided 
other  losses  are  determined.  Unfortunately,  the  incomplete  c* 
bustion  loss  other  than  that  of  carbon  monoxide,  has  thus  far  de 
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known  analytical  method.    Thus  it  has  not  been  possible  to 
e  a  separation  of  the  losses,  or  to  get  even  an  approximate  idea 
he  magnitude  of  either.    If  we  could  enjoy  a  condition  of  com- 
combustion  in  a  sufficient  number  of  cases,  so  that  a  reason- 
radiation  value  could  be  devised,  it  would  be  of  great  assistance, 
such  a  favorable  condition  seldom  or  never  exists,  especially  with 
^^minous  coal, 
t  is  therefore  particularly  gratif 3dng  to  find  in  the  large  number  of 
"uable  tests  described  in  the  paper,  that  the  incomplete  combustion 
s  is  at  a  minimum,  as  demonstrated  by  the  fact  of  very  high  effi- 
^%cy,  impossible  of  attainment,  if  this  loss  had  not  been  small. 

average  of  the  author's  heat  balances  is  given  in  Table  27, 
m  which  radiation  appears  as  2.72  and  2.81,  or  an  average  of  2.76 
cent,  which  is  quite  different  from  the  6  to  12  per  cent  supposed 
many  to  represent  radiation. 
in  some  very  carefully  conducted  tests  on  water-tube  boilers^  in 
ich  an  ultimate  analysis  of  the  ash  and  refuse  was  employed  and 
which  the  loss  in  dry  chimney  gas  was  calculated  upon  a  more 
basis  than  required  by  the  Society's  code,  radiation  appeared 
2.26  per  cent.  In  these  tests  the  boiler  ran  at  about  150  per  cent 
^^f  rating,  the  same  as  the  Delray  boilers  at  Detroit.  All  of  the  un- 
accounted for  loss  was  considered  as  radiation,  it  being  assumed  that 
Combustion  was  complete.  But,  notwithstanding  the  fact  that  the 
stoker  was  a  chain  grate  under  a  tile  roof,  I  believe  that  combustion 
^sa  not  entirely  complete.  So  with  the  Detroit  boilers  I  believe  that 
there  was  incomplete  combustion,  other  than  carbon  monoxide,  as 
^uch  possibly  as  1.5  per  cent.  If  this  is  true  radiation  would  appear 
a  little  over  1  per  cent.  In  this  connection,  Mr.  R.  S.  Hale  analyzed 
a  large  number  of  tests  some  years  ago,  with  the  result  that  he  put 
radiation  at  1  per  cent,  and  as  an  average  an  imcomplete  combustion 
loss  other  than  carbon  monoxide  of  7  per  cent.  Tests  with  anthracite 
coaly  hand-fired  directly  imder  the  exposed  tubes  of  a  horizontal  water- 
tube  boiler,  have  shown  radiation  and  unaccounted  for  loss  as  low  as 
3  per  cent.  If  Mr.  Hale's  estimate  is  correct,  the  Delray  figure  for 
radiation  should  be  about  one-half  or  three-quarters  of  1  per  cent,  on 
account  of  the  relatively  smaller  setting  exposure. 

It  would  be  of  great  assistance  if  we  had  a  carefully  devised  factor 
or  factors  to  use  in  representing  radiation.     These  might  be  derived 

^Journal  West.  Soc.  Engrs.,  vol.  13,  p.  209,  and  Trans.  Am    Inst.  Chem. 
.,  vol.  2. 
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by  difference,  from  experiments  using  stoker  fired  anthracite,  burned 
in  an  ample  or  effective  furnace  space.    We  would  then  have  a  means 
by  which  some  measurement  of  incomplete  combustion  loss  other 
than  carbon  monoxide  could  be  made,  as  it  could  then  be  obtained 
by  difference. 

It  is  not  my  intention  to  infer  that  incomplete  combustion  loss  is 
high  in  the  performance  with  the  Delray  boilers,  but  just  the  oppo- 
site, as  these  performances  are  most  excellent.  I  consider  incomplete 
combustion  to  be  exceptionally  low  as  compared  with  general  per- 
formance, the  reason  for  which  is  probably  to  be  foimd  in  the  long 
travel  of  gases  from  grate  to  heating  surface,  and  the  mixing  action 
of  the  two  gas  bodies  from  the  opposite  stokers  as  they  come  in  mr 
tact  with  each  other. 

When  very  high  efficiencies  are  reported  by  competent  and  reliable 
engineers,  two  questions  are  liable  to  ^ise.  One  concerns  the  accu- 
racy of  the  heating  power  determination  of  the  coal;  the  other  the 
amount  of  moisture  that  leaves  with  the  steam.  In  the  past^  effi- 
ciency in  a  great  many  tests  has  appeared  high,  due  to  the  calori- 
metric  method  giving  a  result  too  low,  without  the  engineer  bring 
aware  of  the  fact.  With  these  Detroit  tests,  however,  the  heating 
power  determination  appears  to  be  without  question.  From  such 
random  calculations  as  I  have  made,  without  knowing  the  source  of 
the  coal,  the  pure  B.t.u.  vahies  appear  to  be  consistent,  and  I  see  no 
cause  for  doubt.  It  would  add  value  to  the  paper  if  the  author  would 
stat«  what  coal  calorimeter  was  employed,  also  from  what  state  and 
seam  the  coal  which  was  used  in  each  of  the  test«  came. 

The  fact  that  large  amounts  of  water  may  leave  a  boiler  with  th* 
steam,  without  being  detected^  by  any  calorimetric  method  thus  f  ^ 
used,  has  often  contributed  to  an  apparently  high  efficiency.  In  tb* 
case  of  these  Delray  boilers  the  steam  was  superheated,  so  any  qu^^ 
tion  of  this  character  is  eliminated.  Thus  it  is  evident  that  aveTj 
high  efficiency  was  secured.  It  Is  not  necessary  to  call  attention  to tb* 
fact  that  when  such  large  quantities  of  coal  and  water  are  handled  B^ 
those  in  these  tests  that  measurements  and  determinations  arc  Ttf?' 
accurate. 

The  average  efficiency  of  16  tests  as  reported  is  77.82  per  cent 
This,  however,  is  on  the  basis  of  coal  as  fed,  not  coal  burned.  That 
we  may  get  an  adequate  idea  of  what  this  efficiency  means  it  should 
ho  put  upon  the  basis  of  heat  absorption,  because  one  of  the  objects 

'  Trans.  Ain.  Soc.  M.  K.,  vol.  20.  p.  312. 
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of  the  tests  was  to  determine  the  various  heat  absorbing  capacities  of 
the  boilers.    There  was  an  average  incomplete  combustion  loss  to 
carbon  monoxide  and  carbon  in  the  ash  of  2.94  per  cent.    If  this  had 
be^  burned,  as  it  should  have  been  and  if  the  true  possibilities  of  the 
heat  absorbing  capacity  of  the  boilers  had  been  determined,  efficiency 
would  have  been  80.11  or  2.94  per  cent  higher.    This,  however,  neg- 
lects any  incomplete  combustion  loss  other  than  that  of  carbon  mon- 
oxide.   If  this  incomplete  combustion  loss  was  1.5  per  cent,  as  I 
have  ventured  the  opinion,  the  efficiency  would  be  1.5  per  cent  higher 
stiU,  or  81.31.    Therefore  81.31  instead  of  77.82  would  be  the  measure 
of  efficiency  of  these  boilers  at  the  mentioned  rate  of  operation.    This 
does  not  seem  to  be  out  of  harmony,  viewed  in  the  light  of  results  with 
oil  fuel  with  which  the  attainment  of  complete  combustion  is  less  com- 
plicated than  with  coal. 

A  feeling  that  prime  movers  have  been  increasing  in  size  has  pre- 
vailed for  several  years,  accompanied  by  a  desire  for  similarly  large 
boilers.    As  a  matter  of  fact,  the  prime  mover  instead  of  increasing 
i^  size  has  been  decreasing.    Before  the  days  of  direct  connection 
in  electric  stations,  the  engines,  belts,  shafts,  and  dynamos  occupied 
Dauch  larger  floor  space  than  the  boilers.    Now,  a  turbo-generator 
&Qd  its  auxiliaries  occupy  less  floor  area  than  do  the  boilers  which 
supply  it,  notwithstanding  the  fact  that  boilers  are  driven  twice  as 
'^Aitl  as  previously.    The  real  change  that  has  taken  place  may  be 
^nned  one  of  intensity,  of  which,  as  far  as  the  turbine  is  concerned, 
^he  most  important  factor  is  speed.    This  intensity  of  operation,  while 
'^ot  acting  to  enlarge  size,  has  been  most  instrumental  in  increasing 
power  development.    Thus  the  unit  of  power  compared  with  the  unit 
^*  size  is  very  much  larger  today  than  formerly.    This  enlargement  of 
P^'^er  has  come  about  through  a  more  intense  action  and  any  impor- 
*^*^t  increase  of  power  per  unit  of  space  with  boilers  must  be  largely 
^*  the  same  nature,  as  the  following  will  show.    Let  us  assume  a 
hoii^ntal  water-tube  boiler  of  5000  sq.  ft.,  requiring  a  setting  dimen- 
^on  size  of  20  ft.  by  14  ft.     Let  it  be  set  two  in  a  battery  and  five 
"^tteries.    These  five  batteries  will  occupy  2800  sq.  ft.  of  floor  space. 
There  will  be  four  aisles  between  the  batteries,  which  if  assumed  to  be 
1  ft.  wide,  will  occupy  560  sq.  ft.    There  will  be  a  total  floor  space  of 
3360  sq.  ft.    If  we  assimie  the  enlargement  of  this  boiler  capacity  by 
the  substitution  of  a  boiler  having  a  width  equal  to  the  10  boilers 
aod  aisles,  it  would  be  equivalent  to  occupying  with  heating  surface 
ibe  area  of  4  aisles  and  13  xlivision  and  side  walls.     If  the  latter  are 
iMBumed  to  be  18  in.  thick,  the  additional  area  available  for  more 
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boiler  would  be  940  sq.  ft.,  which  at  20.8  sq.  ft.  of  heating  surface 
per  sq.  ft.  of  area  would  amount  to  19,552  sq.  ft.  This  would  be&a 
enlargement  of  39  per  cent  in  the  boiler.  But  on  the  other  hand,  if 
a  boiler  be  operated  at  two  or  three  times  its  rated  capacity,  which 
is  easily  done  with  a  good  boiler,  we  have  an  enlargement  of  capacity 
of  200  or  300  per  cent. 

Assuming  uniform  quality  of  fire,  the  operation  of  boilers  at  medi- 
ate capacity  results  in  higher  heat  efficiency  than  at  high  capacity,  i 
Operation  at  low  capacity  requires  not  only  larger  investment  in 
boilers,  but  much  greater  cost  of  boiler  house  structure.  Thus  high 
heat  efficiency  is  secured  at  greatly  increased  fixed  charges,  which  may 
be  out  of  proportion  to  the  gain  from  heat  efficiency. 

Assuming  that  the  water  circulating  capacity  of  a  boiler  is  adequate, 
the  features  of  the  apparatus  having  greatest  influence  on  capacity 
are  the  size  of  grate  and  arrangement  of  gas  passages  among  the  hea^ 
ing  surface.  Conditions  of  operation  having  greatest  influence  on 
capacity  are  quality  of  fire  and  strength  of  draft. 

In  the  territory  contributory  to  the  lUinois-Indiana-Kentucky 
coal  field,  the  best  coal  burning  performance  of  which  I  am  aware  is 
the  combustion  of  70  lb.  of  washed  nut  coal  from  Illinois  per  sq.  ft. 
of  grate  per  hour,  which  was  effected  on  a  chain  grate  stoker,  with  a 
chimney  height  of  175  ft.  The  latest  and  most  important  boiler 
units  to  be  erected  in  this  territory  are  at  Chicago.  These  boilers 
which  are  horizontal  water  tube,  are  of  5550  sq.  ft.  of  heating  surface, 
.served  by  a  chain  grate  stoker  of  115  sq.  ft.  in  area,  and  by  a  chimney 
250  ft.  high.  Assuming  that  the  performance  of  70  lb.  of  coal  burned 
per  8(1-  ft.  be  apphed  to  these  boilers  at  an  efficiency  of  70  per  cent,  and 
that  the  heating  power  of  the  coal  is  11,890  B.t.u.  per  lb.,  we  have* 
li.p.  output  of  2011,  an  evaporation  of  12.5  lb.  of  wat^r  per  sq.ft.  of 
heating  surface,  and  a  h.p.  from  2.74  sq.  ft.  of  heating  surface. 

E.  U.  Dreyfus.  When  new  records  are  made  with  a  given  typ*^ 
of  equipment,  as  brought  out  in  Dr.  Jacobus's  tests,  a  comparison 
with  other  forms  of  power-generating  apparatus  is  suggested  forcoi^' 
sideration  when  the  selection  of  new  installations  are  determined  upoi^- 
Building  of  large  boiler  and  turbine  units,  has  wrought  a  remarkable 
improvement  in  economy,  not  only  from  the  standpoint  of  the  co^ 
pile,  but  noticeably  so  in  investment  and  cost  to  man  and  opiate. 

Viewing  first  the  thermal  efficiency,  it  is  of  interest  to  calculate  t^^ 
heat  consumption  of  a  steam  plant  per  kilowatt-hour,  produced  rVt^ 
boilen  iOioh  m  Dr.  Jacobus  has  described  with,  say,  turbines  of  ^^* 
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ciency  as  reported  before  the  Society.^  It  should  be  a  very  con- 
irative  estimate  to  allow  that  these  types  of  boilers  should  develop 
efficiency  of  75  per  cent  day  in  and  day  out  with  a  percentage  load 
jsiderably  under  their  rating;  and  this  performance  includes  the 
ker  auxiliary  steam  consumption. 

leferring  to  the  tests  of  the  CSty  Electric  turbine/  and  selecting 
three-fourths  load  results  in  order  to  approximate  average  run- 
g  conditions,  the  B.t.u.  consumption  per  kw-hr.  is  17,250  (above 
3harge  water  temperature).  Including  the  boiler  plant  losses,  the 
abined  results  become  23,000  B.t.u.  per  kw-hr.  In  large  plants, 
Dg  steam-driven  auxiliaries,  with  their  exhaust  heat  returned  to  the 
ler  feed,  the  increased  consumption  they  occasion  is  well  within 
er  cent,  so  that  it  is  safe  to  say  that  the  plant,  over  all,  should  ordi- 
ily  run  on  about  24,000  B.t.u.  per  kw-hr.  generated,  netting  a 
nt  economy  of  about  2  lb.  of  coal  per  kw-hr.,  or  somewhat  better 
such  high  load  factors. 

Jsing  coal,  the  producer  gas  engine  layout  should  be  employed  for 
itrast.  At  three-fourths  load,  the  producer  gas  engine  will  not  much 
5eed  11,250  B.t.u.  per  b.h.p-hr.  in  regular  work,  disregarding  unusual 
ims  or  special  tests.  With  generator  losses  added  (90  per  cent), 
760  B.t.u.  per  kw-hr.,  and  taking  the  producer  into  account,  which 
commercial  practice  will  develop  close  to  67^  per  cent  efficiency,  it 
in  becomes  about  24,900  B.t.u.  per  kw-hr.  at  the  switchboard, 
e  auxiliaries  must  be  debited  with  about  8  per  cent  of  the  remaining 
nt  consumption,  so  that  the  total  results  are  about  25,640  B.t.u. 
kw-hr. 

[lierefore,  the  large  steam  plant,  practically  considered,  is  virtually 
thermodynamic  equal  of  the  gas  engine.  Oil  engines,  of  course, 
d,  but  together  with  gas  engines  and  producers  they  are  limited 
the  size  of  the  units.  Hence  the  same  degree  of  economy  of  labor 
I  materials  cannot  be  realized  with  the  internal-combustion  motor, 
ich  leaves  them  altogether  out  of  the  domain  of  the  large  power 
Qi. 

dm  comparison  no  longer  holds  true  for  small  equipment,  the  inter- 
*oombu8tion  engine  remaining  quite  uniform  in  efficiency  over  a 
b  Huge,  while  there  is  to  be  observed  a  very  large  change  in  effi- 
Uyni  the  steam  plant  with  size.  It  is  possible  that  with  power 
^;iCMiaderod  and  fuel  at  moderately  high  prices,  the  intemal-com- 
|M^;tDgine  may  work  to  an  advantage  with  all  factors  reckoned. 
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Dr.  Jacobus's  concluding  remarks  upon  the  design  of  boilers  capa- 
ble of  being  driven  to  very  great  overloads,  so  that  the  necessity  of 
operating  at  low  loads,  and  even  banking  fires,  is  removed,  are  of 
particular  economic  interest  as  such  a  design  will  eliminate  one  of  the 
large  sources  of  loss  in  power  plants  and  increase  the  handicap  cm  the 
producer  plant  which  at  present  does  not  present  similar  possibilitie?. 

W.  F.  M.  Goss.  The  boilers  described  by  Dr.  Jacobus  constitute 
an  installation  of  unusual  significance  not  merely  because  of  their  size, 
but  because  of  tluj  excellent  distribution  of  heating  surface  with  refer- 
ence to  grate  surface.  The  form  of  the  flameway  is  ideal  and  its 
ample  proportions  insure  superior  results  in  the  combustion  of  fuel. 
In  this  respect  the  plant  is  an  epoch-making  one  and  Mr.  Dow  and  his 
company  are  to  be  congratulated  upon  its  possession. 

The  results  of  the  exhaustive  tests  conducted  by  Dr.  Jacobus  are 
full  of  interest.  Their  record  of  very  liigh  efficiency  is  proof  of  the 
thoroughness  with  which  the  combustible  gases  are  intermixed,  and 
of  the  suo(;ess  which  has  been  achieved  in  reducing  to  a  minimum 
losses  which  occur  by  leakage  of  air  through  the  setting  and  in 
other  incidental  ways.  I  am  especially  interested  in  the  relation  be- 
tween evaporative  efficiency  and  rate  of  power  developed  as  disclosed 
by  the  tests.  This  reflation  is  one  wliich,  in  its  application  to  loco- 
motive boilers,  I  have  studied  with  some  care.^  The  decrease  in 
efficiency  accompanying  increased  rates  of  power  as  set  forth  in  this 
l)aper  is  not  only  relativel}'  less  than  that  observed  in  boilers  with 
which  I  am  familiar,  l)ut  it  is  actuall}'  very  small.  This  fact  suggests 
the  practicability  of  developing  the  type  of  boiler  under  consideration 
for  work  at  even  higher  rates  of  power  than  have  yet  been  imposed. 
It  appears  probable  that  by  increasing  the  grate  area  or  by  augment- 
ing the  rate  of  combustion  upon  grates  of  the  present  area,  thist)!* 
of  Babcock  &  Wilcox  boiler  may  be  made  to  evaporate  10  or  1- 
Ib.  of  water  per  ft.  of  heating  surface  per  hour  with  an  efficiency 
which  will  be  well  above  70  per  cent;  that  is,  the  results  of  these  tests 
suggest  the  possibility  of  designing  a  boiler  which  may  be  forced  to 
three  times  the  rate  of  power  now  obtained  in  normal  practice,  an^ 
which  at  the  same  time  will  operate  with  an  efficiency  that  is  practi- 
cally equal  to  that  obtained  from  boilers  now  in  common  use. 

The  AuiuoB.  The  manner  in  which  the  paper  has  been  received 
is  indeed  gratifying,  and  I  wish  to  thank  all  who  have  taken  V^* 
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mcluding  those  who  have  called  attention  to  what  appear  to  be  cer- 

**in.  discrepancies.    In  writing  a  paper  of  this  sort  it  is  hard  to  cover 

^li   features  and  often  the  most  useful  sort  of  criticism  is  that  which 

niftlcoo  it  possible  to  clear  up  certain  points  that  might  otherwise  be 

qiiest*ioned  later  on. 

^Xr.  Rice  makes  the  suggestion  that  the  old  practice  of  rating  the 
^^^P>«tcity  of  a  boiler  in  horsepower  be  abandoned  and  that  in  place 
p'^    "t^liis  the  unit  be  based  on  the  evaporation  of  1000  lb.  of  water 
steam  per  hour.    The  unit  of  boiler  capacity  is  now  under  con- 
by  the  Power  Test  Committee  of  the  Society,  and  the 
T  will  be  gone  into  thoroughly  before  deciding  which  is  the 
to  adopt. 
^Xi".  Rice  beheves  that  means  should  be  employed  to  protect  the 
*iler  by  the  inmiediate  injection  of  a  large  amount  of  feedwater 
of  a  sudden  stoppage  of  the  turbine  unit.    The  safety  valves 
^^'^^V'ide  ample  protection  and  as  large  a  margin  is  provided  as  in 
ler  boilers,  so  that  no  special  precaution  need  be  taken  in  this 
^ct  in  operating  the  boilers. 
•^Xr.  De  Wolf  calls  attention  to  the  difference  in  the  drop  of  pres- 
through  the  superheaters  in  the  tests  with  the  Roney  and  the 
^ylor  stokers.    The  superheaters  were  fitted  with  internal  cores 
r~*^d    it  is  possible  that  some  of  the  cores  were  left  out  in  the  super- 
^^'t^rs  of  the  boiler  fitted  with  Roney  stokers.    This  assumption 
^^^^d  also  account  for  the  lower  superheat  obtained  with  the  Roney 

^^ix  with  the  Taylor  stokers. 
•  ^^Xr.  Pond  rightly  questions  the  advisability  of  using  very  large 
^^^^ler  units  where  the  feedwater  conditions  are  not  favorable.    Again 
continuity  of  service  is  an  important  feature,  the  plant  must 
of  a  sufficient  size  to  allow  at  least  two  of  the  boilers  to  be  cut  out 
lout  crippling  the  capacity',  for  with  one  boiler  cut  out  for  clean- 
1£  or  repairs  the  failure  of  a  single  tube  in  one  of  the  boilers  in 
X^ation  throws  two  boilers  out  of  service. 
^     Professor  Ennis  rightly  attributes  the  high   efficiencies   to  the 
^rm  and  dimensions  of  the  furnace.    He  calls  attention  to  the  im- 


>itant  effect  of  carbon  monoxide  and  to  the  fact  that  in  endeavor- 
^^5g  to  diminish  the  excess  air  to  a  minimum  a  point  may  be  reached 
^^here  a  small  amount  of  carbon  monoxide  will  more  than  offset 
^ie  gain  due  to  cutting  down  the  air.  This  has  been  well  appre- 
ciated in  recent  tests.  It  is  a  comparatively  easy  matter  to  cut 
^own  the  excess  air  and  obtain,  say,  14  per  cent  of  carbon  dioxide, 
V>ut  to  obtain  14  per  cent  of  carbon  dioxide  without  having  JUiy  car- 
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bon  monoxide  is  an  entirely  different  matter.  Engineers  are  olien 
misled  into  believing  there  is  no  carbou  monoxide  when  there  mij 
be  enough  of  this  gas  present  to  considerably  affect  the  economy. 
Great  care  should  be  taken  in  preparing  the  solutions  and  the  giu 
analyzing  apparatus  should  be  tried  out  to  make  sure  that  carbon 
monoxide  will  be  absorbed  before  making  the  regular  analyses. 

Mr.  Parsons  says  that  the  furnace  meets  the  requirements  be 
specified  many  years  ago,  and  congratulates  the  designers  of  the 
boilers  on  the  performance.  In  addition  to  the  large  volume  of  the 
furnace  an  important  element  leading  to  the  high  efficiency  is  the 
thorough  mingling  of  the  gases  in  the  furnace.  Considerably  more  ex- 
cess air  passes  through  the  fires  at  the  middle  line  of  the  furnace  at  the 
rear  of  the  two  sets  of  stokers  than  at  the  front  of  the  stokers  and 
as  the  gases  at  the  middle  Une  of  the  furnace  are  cooler  than  the 
main  body  pf  the  gases,  eddy  currents  are  set  up  which  insuiea 
thorough  mixture.  The  combustible  gases  from  the  fresh  part  of 
the  fuel  bed  mingle  with  the  gas  at  the  middle  part  of  the  furnace 
which  contains  excess  air,  and  as  the  gases  are  mingled  at  a  high 
temperature  under  the  action  of  radiant  heat,  a  complete  combustion 
is  effected. 

Mr.  Esselstjm's  data  concerning  the  brickwork  are  a  most  vatoar  | 
ble  contribution  in  showing  how  difficulties  were  met  and  overcome. 

Mr.  Bailey  questions  the  accuracy  of  the  coal  analyses  and  the 
heat  value  determinations  given  in  the  paper.    There  are  variations 
in  some  instances  that  are  larger  than  might  be  expected,  but  I  kno^ 
of  no  similar  sets  of  experiments  with  which  such  variations  can  be 
compared.     It  must  be  remembered  that  the  small  samples  were 
obtained  separately  by  different  experts  and  the  heat  determinatia^ 
of  these  different  samples  made  by  two  different  laboratories. 

As  far  as  the  variation  in  the  heats  of  combustion  of  the  combusti- 
ble matter  is  concerned,  it  should  have  been  stated  in  the  pai>^^ 
that  at  times  when  the  large  coal  storage  hoppers  began  to  run  k>'^ 
coal  of  a  much  different  character  from  that  burned  on  the  avera^^ 
was  fed  to  the  stokers.  The  fact  that  the  coal  was  different  w3^ 
made  plain  by  its  appearance  and  also  by  its  action  on  the  grat^^- 
Naturally  this  might  cause  a  difference  in  the  analyses.  Agai*** 
the  coal  was  taken  from  a  pile  in  the  yard  and  there  was  a  very  goO*' 
chance  of  some  other  coal  being  used  along  with  the  Red  Jaclc*^ 
coal.     When  it  comes  to  figuring  the  chemical  ash  from  the  test  **^* 


and  the  analysis  of  the  test  ash,  the  difference  pointed  out  is 

as  large  as  (»xists  in  many  of  the  United  States  Geological  Sur^/'^ 
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tests.  All  o£  us  who  have  made  boiler  tests  know  that  it  is  extremely 
hard  to  obtain  an  accurate  sample  of  the  ash  in  such  work.  In  fact, 
the  only  accurate  way,  where  there  are  a  number  of  very  large  clink- 
ers, as  was  the  case  in  the  tests  in  question,  would  be  to  pass  all  of 
the  ash  for  a  test  through  some  sort  of  a  crushing  mill  and  thoroughly 
mix  it  and  quarter  it  down.  This  could  not  be  done,  as  the  total 
ash  for  a  test  varied  from,  say,  10  to  30  tons,  and  the  samples  that 
were  taken  represented  only  approximately  the  real  character  of 
tile  ash. 

Mr.  Bailey  compares  the  heating  value  per  pound  of  combustible 
with  certain  values  obtained  in  the  work  of  the  United  States  Geo- 
logical Survey,  and  on  the  basis  of  the  comparison  draws  the  con- 
clusion that  the  heat  values  used  in  calculating  the  efficiencies  and 
heat  balances  are  about  3^  per  cent  low.    The  Red  Jacket  coal  was 
obtained  from  the  Red  Jacket  Consolidated  Coal  &  Coke  Company, 
Koanoke,  W.  Va.    This  company  operates  the  lack  Fork,   Red 
J^ket,  Rutherford  and  other  mines  located  near  Matewan,  W.  Va., 
^  the  southwestern  portion  of  Mingo  County.    These  mines  are  in 
*kc  Thacker  coal  fields,  from  which  samples  were  collected  from 
^^them  Mingo  County  in  1902  and  the  results  published  in  Vol.  2, 
^903,  of  the  West  Virginia  Geological  Survey.    The  average  heat 
^f  Combustion  per  pound  of  combustible  obtained  in  these  tests 
^^  15,696  B.t.u.    Later  on,  six  samples  of  coal  were  collected  from 
this  same  field  and  the  results  published  m  Vol.  2A,  1908,  and  Vol.  2, 
*^ll,  of  the  West  Virginia  Geological  Survey.    The  average  heat 
^f  combustion  per  pound  of  combustible  in  these  tests  was  15,094 
^•t.u.    Lord  and  Haas  also  give  values  for  the  heat  of  combustion 
^f  Thacker  coal  in  their  historic  paper  on  the  subject  of  Calorific 
V^iie  of  Certain  Coals,  published  in  1897  in  the  Transactions  of  the 
AtKxerican  Institute  of  Mining  Engineers.    The  average  heat  of 
^mbustion  per  pound  of  combustible   in   these   tests   was   about 
15,240. 

The  average  of  all  of  the  heats  of  combustion  for  the  Red  Jacket  coal 
^*8ed  in  computing  the  efficiencies  given  in  the  paper  is  about  15,000 
^•t-^.  per  pound  of  combustible,  which  approaches  the  latest  deter- 
''^^iiution  for  coal  from  the  same  field  made  by  the  West  Virginia  Geo- 
logical Survey.  The  coal  comes  from  a  multiple  seam  containing 
^th  *'splint"  and  "gas"  coals,  hence,  there  may  naturally  be  a 
^*riation  in  the  heat  per  pound  of  combustible.  Another  feature 
toat  should  be'considered  in  connection  with  the  coal  used  at  Detroit 
^  ^hat  it  was  taken  from  a  pile  in  the  yard  where  it  had  been  sub- 
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jected  to  the  weather  for  some  time,  and  it  is  a  well-known  fact 
that  a  weathered  coal  has  a  less  heat  of  combustion  than  a  fresUy 
mined  coal;  this  in  itself  would  accomxt  for  a  somewhat  lower  bent 
value  than  might  otherwise  be  expected. 

The  Milbum  coal  was  secured  from  the  Milbum  Ck>al  &  Gob 
Company,  Keeferton,  W.  Va.  These  mines  are  located  near  Kiwf- 
erton,  W.  Va.,  in  the  southwestern  portion  of  Fayette  County.  Tbe 
mines  tap  the  Eagle  Vein,  and  analyses  were  made  by  the  United 
States  Geological  Survey  on  coal  from  a  nearby  mine  tapping  this 
same  vein  which  show  that  the  coal  was  of  the  same  general  cbaiM- 
ter  as  the  Milbum  coal.  The  average  heat  value  given  by  the  United 
States  Geological  Survey  is  about  15,500  B.t.u.  per  lb.  of  combosti- 
ble.  Analyses  for  this  coal  are  also  given  in  the  West  Virginia  Geo- 
logical Survey  Bulletin  2,  1911,  where  an  average  of  15  tests  gives 
15,631  B.t.u.  per  lb.  of  combustible.  The  average  of  the  figures  used 
in  computing  the  results  of  the  tests  of  the  Detroit  boilers  is  15,557 
B.t.u.,  which  is  about  a  mean  of  the  two  figures. 

As  a  further  evidence  of  what  he  believes  are  errors  in  the  heat- 
ing values,  Mr.  Bailey  presents  Fig.  21,  where  the  B.t.u.  values  arc 
plotted  against  radiation  and  unaccounted  for  losses  for  the  first  set 
of  heat  balances  given  in  Tables  15  and  16,  and  draws  a  line  on  an 
angle  through  the  scattered  points  which  leads  him  to  conclude  that 
the  lower  the  B.t.u.  value  the  lower  the  radiation  loss.     If  a  sinul*' 

• 

diagram  is  constructed  for  the  second  set  of  heat  balances  given  IB 
the  same  tables,  it  will  be  found  that  no  such  line  can  be  draw^- 
The  values  in  the  second  set  are  probably  more  reliable  than  those 
in  the  first,  hence  Mr.  Bailey's  conclusion,  which  is  based  on  wic 
first  set,  will  not  hold,  as  it  is  not  borne  out  by  the  second  set.    The 
flue  gas  analj^ses  for  the  second  set  of  heat  balances  are  more  rrf*^' 
ble  than  those  used  for  the  first  because  an  average  sample  for  tho=* 
used  in  the  second  set  was  drawn  from  six  points  across  thevid^" 
of  the  boiler,  whereas  in  the  first  set  the  gas  samples  were  dra"**^ 
from  a  single  point  at  the  middle  of  the  flue  and  did  not  represent 
the  average  for  the  entire  volume  of  gases.     All  this  is  outlined  J^ 
the  paper  but  more  pains  should  have  been  taken  to  point  out  tb^ 
greater  accuracy  of  the  flue  gas  analyses  made  below  the  dampers  dS 
compared  with  those  made  above  the  dampers. 

The  foregoing  shows  that  Mr.  Bailey's  statement  that  it  appears 
that  the  average  heat  vnhw  used  in  calculating  the  eflficiencies  and 
hoat  balances  is  about  3.5  per  cent  low,  is  unwarranted,  and  it  renuons 
to  be  shown  how  far  the  figures  depart  from  the  probable  true  val- 
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I  have  gone  on  record  many  times  in  saying  that  the  sampling 
xe  coal  may  introduce  a  considerable  error  in  boiler  tests.  The 
nitude  of  this  error  can  only  be  determined  by  comparing  a 
8  of  analyses  of  independent  samples  in  the  way  that  is  done  in 
paper.  The  estimate  made  by  Mr.  Kent  that  the  heat  determi- 
on  results  in  the  present  instance  are  likely  to  be  within  1  per 

of  the  true  value,  is  in  line  with  my  views  in  the  matter,  and 
rther  believe  that  the  results  for  most  boiler  tests  may  be  wider 
I  the  mark  than  this. 

he  calorimeters  were  of  the  Mahler  bomb  type.  They  were  cal- 
led with  great  care  and  all  precautions  known  in  the  art  were 
loyed  to  secure  accurate  results.  The  average  difference  be- 
m  either  one  of  the  calorimeters  and  the  mean  value  of  the  heat 
pound  of  combustible,  which  is  the  figure  to  use  in  comparing 
calorimeter  results,  was  about  one-third  of  1  per  cent.  The 
Bge  departure  from  the  mean  value  per  pound  of  moist  coal, 
jh  is  the  figure  that  directly  affects  the  eflBciency  results,  is  about 
r  cent,  so  that  disregarding  either  one  or  the  other  set  of  calor- 
er  readings  the  average  efficiency  results  would  be  affected  by 
r  cent  of  their  value.  There  are  so  many  chances  of  error  in 
T  tests  that  I  feel  well  satisfied  with  this  limit  of  error  in  the 

determinations,  and  until  it  can  be  shown  that  closer  results 
)e  secmred  in  a  corrresponding  set  of  tests  where  the  small  samples 
laken  separately  and  the  work  is  done  by  different  laboratories, 
1  safe  in  saying  that  the  results  are  as  accurate  as  any  I  know  of. 
le  Babcock  and  Wilcox  calorimeter  has  been  checked  by  the 
.  Bureau  of  Standards  napthaline  standard  and  found  to  give 
ts  about  one-half  of  1  per  cent  higher  than  the  Government 
iard.     It  has  also  been  checked  by  comparing  the  heat  values 

those  obtained  by  other  laboratories  and  found  to  give  sub- 
tially  the  same  results,  any  difference  indicating  that  the  results 
ined  with  it  are  slightly  higher  than  they  should  be. 
r.  Kent's  analysis  is  of  great  value  in  showing  the  conditions 
h  lead  to  high  efficiency.  The  efficiencies  given  in  the  paper 
ihe  combined  efficiencies  of  the  boiler  and  furnace.  His  formulae 
3ate  that  the  point  of  maximum  efficiency  for  the  conditions 
ing  in  the  tests  corresponds  to  the  lower  capacities  and  that 
falling  off  in  efficiency  at  the  higher  ratings  is  in  line  with  that 
m  by  theory.  His  careful  analysis  and  the  comparison  which 
lakes  with  other  tests  show  th(^  consistency  of  the  results. 
r.  Kent  points  out  the  fact  that  in  many  of  the  tests  the  carbon 
Jidde  was  higher  in  the  flue  than  it  was  at  the  bottom  of  the 
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last  pass  and  at  the  top  of  the  last  pass.  There  are  certain  features 
of  the  flue  gas  analyses  which  should  be  explained.  The  analyses 
made  in  the  flue  were  taken  every  15  minutes  first  on  one  side  d 
the  boiler  and  then  on  the  other  and  were  used  as  a  guide  in  miming 
the  fires.  The  samples  were  taken  from  a  single  point  in  the  middle 
of  the  flue.  In  the  case  of  the  Roney  stokers,  we  foimd  that  the 
carbon  dioxide  taken  from  the  middle  point  of  the  flue  was  hi^ 
than  the  average  for  all  of  the  gas  passing  through  the  flue,  and  that 
more  carbon  monoxide  was  present  at  the  middle  of  the  flue  than 
at  other  points.  The  reason  for  the  excess  of  carbon  monoxide  in 
the  middle  of  the  flue  was  probably  due  to  the  partition  wall  iriiich 
came  at  the  middle  of  the  boiler  between  the  two  stokers  placed  at 
each  side  of  the  boiler,  which  caused  a  deficiency  of  air  at  this  point. 

In  the  case  of  the  tests  with  the  Taylor  stokers,  there  was  a  leakage 
of  air  at  the  damper  boxes  where  the  gases  left  the  boiler,  and  the 
gas  sampling  pipes  used  at  the  top  of  the  last  pass  drew  the  sampke 
from  the  side  of  the  flue  which  was  the  most  affected  by  the  leakage. 
This  reduced  the  carbon  dioxide  at  the  top  of  the  last  pass  for  the 
Taylor  stoker  tests  below  the  true  average  value. 

The  temperature  readings  taken  at  the  top  of  the  last  pass  weie 
also  affected  by  the  leakage.  The  ends  of  the  pyrometer  elements 
were  placed  in  the  same  position  respecting  the  cross-section  of  the 
flue  as  the  sampling  nipples  for  the  gas  analyzing  apparatus.  The 
flue  gas  analyses  taken  in  connection  with  the  corresponding  temper- 
atures are  useful  for  obtaining  a  heat  balance,  but  when  either  set  oi 
readings  is  considered  by  itself,  it  may  be  misleading.  For  exampte 
the  flue  gas  temperatiu*es  at  the  top  of  the  last  pass  in  the  tests  wit» 
the  Taylor  stoker  were  less  than  those  taken  in  the  flue. 

Mr.  Kent  asks  how  the  air  supply  was  kept  so  low  in  the  test*- 
This  was  done,  as  has  been  stated,  by  making  frequent  gas. analyst 
and  regulating  the  air  supply  on  their  basis.  The  results  of  tjt"* 
analyses  were  posted  on  a  blackboard  in  the  boiler  room  and  t^^^ 
firemen  watched  these  closely  and  thickened  up  the  fires  when  the?^ 
was  too  little  carbon  dioxide  and  thinned  down  the  fires  when  carb^^^ 
monoxide  appeared.  The  furnace  conditions  secured  were  certaii^--' 
remarkable,  for  to  obtain  the  averages  given  in  the  tables  it  meap^ 
that  analysis  after  analysis  indicated  14  to  15  per  cent  of  carb^^ 
dioxide  with  no  carbon  monoxide.  There  would  then  follow 
analysis  containing  perhaps  as  high  as  1  per  cent  of  carbon  monoxi 
and  the  firemen  would  immediately  manipulate  the  fires  to 
this  condition.     In  most  tests  only  a  few  of  the  analyses  contain 
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l)on  monoxide^  so  that  the  greater  part  of  the  time  the  furnace 
running  under  what  might  be  termed  ideal  conditions. 
-k=^fessor  Carpenter  sajrs  he  has  made  many  tests  of  boilers  of 
same  construction  as  those  described  in  the  paper.    We  suppose 
t  he  refers  to  ordinary  Stirling  boilers  which  do  not  have  the 
e  form  of  furnace  as  the  Detroit  boilers.    He  rightly  attributes 
high  results  to  good  furnace  conditions.    He  asks  how  the  draft 
m^tained  constant  at  the  two  sides  of  the  setting.    This  was 
e  by  setting  the  dampers  once  for  all  so  that  in  regulating  the 
ount  of  opening  the  dampers  on  each  side  would  be  opened  the 
^,  amount.    The  constancy  of  the  draft  on  the  two  sides  was 
*^^^3cked  by  means  of  a  draft  gage. 

^fr.  Billings  calls  attention  to  the  variations  in  the  heat  of  com- 

ion  obtained  in  the  two  laboratories,  and  what  I  have  said  in 

ly  to  Mr.  Bailey  answers  the  points  that  he  raises.    The  main 


"^  'Terence  between  the  two  laboratories  was  due  to  the  samples  and 


til  we  have  a  correspondingly  long  series  of  tests  where  the  sam- 

ng  and  calorimeter  work  by  two  laboratories  is  checked  one  against 

^  other,  and  where  every  result  is  reported  even  though  it  may 

out  of  line,  we  cannot  say  whether  or  not  the  results  vary  more 

an  they  should. 

Mr.  Thomas  calls  attention  to  the  action  of  the  flames  in  passing 

^Dward  along  the  boiler  tubes  and  thus  imparting  a  maximum  amount 

heat  to  the  tubes.    Another  feature  that  may  be  interesting  is 

e  fact  that  any  leakage  in  the  lower  part  of  the  baflSes  at  the  rear 

the  tubes  which  come  next  to  the  furnace  will  be  from  the  cooler 

into  the  furnace  instead  of  from  the  furnace  outward.    This 

caused  by  the  flue  action  of  the  high  furnace  which  produces  a 

,ter  suction  at  the  bottom  of  the  baflScs  on  the  furnace  side  than 

at  the  bottom  of  the  second  pass.    The  action  is  important  as  it 

inunates  any  tendency  of  the  hot  gases  to  short  circuit  at  this  point. 

baffle  leakage  from  the  furnace  to  a  cooler  portion  of  the 

iler  often  induces  a  loss  through  carbon  monoxide  on   account 

the  chilling  off  of  the  partially  burned  gases,  and  with  the  Detroit 

ilers  such  an  action  cannot  take  place. 

Mr.  Bement  is  right  in  his  views  respecting  the  low  amount  of  radi- 
,tion  in  well  set  boilers.    In  some  tests  made  on  the  Pacific  Coast 
"^rtth  oil  fuel,  we  found  that  the  steam  pressure  could  be  maintained 
^indefinitely  by  burning  2  per  cent  of  the  oil  required  to  run  the  boil- 
^kTB  at  rating.    We  also  found  by  careful  heat  balances  that  the  radi- 
ation and  unaccounted  for  losses  amounted  to  about  2  per  cent. 
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Naturally,  when  simply  maintaining  the  steam  pressure  there  would 
be  less  radiation  than  when  running  the  boilers  at  rating  on  account 
of  the  lower  temperature  of  the  boiler  walls,  but  a  portion  of  the 
heat  generated  by  the  oil  burned  to  maintain  the  steam  pressure 
escaped  to  the  stack  which  tended  to  counterbalance  the  effect  <rf 
the  lesser  radiation.  Mr.  Bement  also  says  that  wat«r  may  leave 
a  boiler  with  the  steam  without  being  detected.  We  made  careful 
calorimeter  observations  which  proved  that  the  saturated  steam 
entering  the  superheaters  was  dry.  We  further  went  to  the  pre- 
caution of  measuring  the  superheat  in  the  steam  after  it  had  passed 
through  a  "  Y"  where  the  steam  from  one  side  of  the  boiler  was  mingled 
with  that  from  the  other.  The  temperature  of  the  steam  after  \m% 
mingled  at  the  *'Y"  was  practically  the  same  as  that  obtained  by 
averaging  the  temperatures  of  the  steam  discharged  from  the  two 
superheaters  and  both  figures  are  given  in  the  tables.  The  readings 
of  the  thermometers  used  in  measuring  the  temperature  of  the  8upe^ 
heated  steam  were  corrected  for  the  effect  of  cooling  the  mercury 
in  the  exposed  part  of  the  stems  and  were  reduced  to  equivalent 
temperatures  by  an  air  thermometer. 

Mr.  Dreyfus'  conclusion  respecting  the  efficiency  of  a  steam  plflD^ 
attainable  through  using  the  Detroit  boilers  as  compared  with  tb*^ 
of  a  producer  gas  engine  plant  is  indeed  interesting,  since  he  sliC3^ 
that  one  is  the  equal  of  the  other  thermodynamically  and  that    ^^* 
steam  plant  excels  when  the  cost  of  labor,  etc.,  is  considered. 

Dr.  Goss  attributes  the  high  efficiencies  to  the  excellent  distri-bt 
tion  of  the  heating  surface  with  reference  to  the  grate  surface  ^ 
the  form  of  the  flamoway.  His  remarks  touch  the  keynote  of  *' 
subject,  as  the  combined  arrangement  certainly  forms  a  disfc^nc 
advance  in  boiler  furnace  construction. 
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STRAIN  MEASUREMENTS  OF  SOME  STEAM 
BOILERS    UNDER    HYDROSTATIC    PRESSURE 

By  James  E.  IIowakd,*  Washington,  D.  C. 

Non-Member 


le  object  of  these  tests  is  to  ascertain  the  condition  of  the  metal 

of    t;Ixe  shell  and  other  parts  of  two  horizontal  tubular  steam  boilers 

had  been  in  use  for  a  term  of  service  of  unusual  length;  and  in 

•ion  thereto  to  acquire  information  on  constructive  details  by 

of  measured  strains. 

S      The  boilers  were  contributed  for  investigative  purposes  by 

^^^     *fcrcasurer  of  the  Kendall  Manufacturing  Company,  Providence, 

*^-  I  - ,  the  late  Nicholas  Sheldon,  Esq.     They  were  of  early  manufac- 

^^^^■^     and  from  their  remarkable  history  and  present  condition  were 

^^   ^X^ecial  value  for  these  tests.    They  were  made  by  the  Whittier 

^^<5liine  Company,  Boston,  Mass.,  using  "Bcnzon"  brand  of  steel, 

aixd      were  put  into  service  March  1881.    They  were  in  continuous 

ce  f or  a  period  of  27  years,  during  which  time,  as  Mr.  Sheldon 

J,  "no  repairs  were  required;  in  fact,  not  one  cent  has  been  spent 

them." 

_     They  consisted  of  five  course  boilei*s,  two  sheets  to  a  course, 

'^'^ing  the  following  general  dimensions: 

^^^^eter,  in 72 

i^^Kth  over  dry  sheet,  ft 16 

rp^*^^  Itness  of  shell,  in ] 

i^^^^iltness  of  heads,  in i 

^y^'^^ber  of  tubes 140 

l^^-*^eter  of  tubes,  in 3 

^'^^th  of  tubes,  ft 15 

j^^^^cter  of  dome,  ft 2} 

-^*— »• — '  seams,  double-riveted  lap  joints,  J-in.  rivets,  2-in.  pitch,  punched 


*^.     ^^les,  rows  2)  in.  apart,  rivets  staggered. 

»^  *^  li  seam,  f-in.  rivets,  2J-in.  pitch. 

^    ^^  stayed,  each,  with  14  braces. 

^^^t-iron  manhole  frames  and  safety-valve  nozzle. 

-j^^^Xwrted  by  lugs,  three  on  a  side. 

^^  feedwater  come  from  the  Pawtuck(?t  River. 

*  Engineer-Physicist,  Bureau  of  Standards,  Washington,  D.  C. 

■**»e8ented  at  the  Annual  M^-oting  1911,  of  Tiik  Amkrican  Society  op  Me- 
'^AHiCAL  Engineers. 
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4  The  hydrostatic  tests  were  made  at  the  W.  H.  Hick's  Bote 
Works,  Providence.  Mr.  Francis  B.  Allen,  Vice-President  (rf  the 
Hartford  Steam  Boiler  Inspection  &  Insurance  Company,  aansted 
and  advised  with  the  writer  in  conducting  them.  The  boilen  vil 
be  designated  by  the  numbers  4084  and  4092  under  which  they  were 
carried  on  the  books  of  the  Hartford  company. 

5  The  tests  began  with  strain  measurements  upon  diffennt 
parts  of  the  boilers  as  they  were  subjected  to  successive  incremflnti 
of  hydrostatic  pressures.  The  results  of  this  portion  of  the  inquiiy 
are  now  available  and  herewith  presented.  Much  remains  to  be 
done  in  the  other  direction  of  testing,  pertaining  to  the  phyaeal 
properties  of  the  materials. 

6  Measurements  of  the  deformations  of  engineering  structureB, 
whether  steam  boilers,  bridges  or  buildings,  may  be  expected  to  (fe- 
vclop  information  of  a  kind  not  attainable  in  the  tests  of  the  oom- 
ponent  parts  of  those  structures.  A  comparatively  new  field  of 
inquiry  is  presented  in  the  tests  of  structures  over  the  tests  of  the 
materials  thereof.  The  effects  of  combined  stresses  may  rad^ 
be  studied  in  this  manner. 

7  No  more  simple  type  of  boiler  could  be  chosen  than  the  jbk 
horizontal,  tubular  boiler  of  these  tests,  yet  it  will  be  seen  ftom  the 
results  that  complexity  of  strains  and  stresses  are  found  in  most  | 
parts  of  the  shell.  In  comparatively  few  places  are  tangential 
strains  displayed  corresponding  in  magnitude  to  those  which  would 
be  expected  in  a  thin  cylindrical  shell  subjected  to  a  given  interior 
pressure. 

8  Ascertaining  the  deformations  by  the  method  of  measured 
strains,  locally  determined,  consists  of  establishing  gaged  lengths  oo 
different  parts  of  the  boiler  and  then  measuring  them  initially  and  at 
intervals  as  the  hydrostatic  pressures  are  successively  applied  and 
released. 

9  Gaged  lengths  of  10  in.  each  were  used  in  the  examination  of 
these  boilers.    Their  extremities  were  defined  by  small  drilled  an^ 
reamed  holes.    The  holes  are  about  0.05  in.  in  diameter  by,  say,  0.1^ 
in.  deep,  and  reamed  to  a  conical  shape.    The  angle  of  the  ream^^ 
is  65  deg.,  and  the  distance  across  the  hole  at  the  surface  of  the  sh^"*^ 
sheet  about  0.08  in. 

10  Such  holes  carefully  made,  in  metal  surfaces,  are  capable  ^ 
centering  with  considerable  precision  the  contact  points  of  the  i^^ 
crometer  strain  gage.  The  strain  gage  is  used  as  a  transfer  instnune^^ 
to  compare  the  gaged  lengths  on  the  work  with  a  corresix)nding  lei 
on  a  standard  reference  bar. 
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11  fig.  1  shows  the  10-in.  strain  gage  used  on  these  tests.  It 
Qosts  of  two  principal  parts,  an  outer  tube  and  an  inner  stem,  which 
i  telescopic,  working  on  ball  bearings.  Each  part  carries  a  coni- 
I  contact  point  for  centering  the  instrument  on  the  reference  bar 
d  QQ  the  work.  A  screw  micrometer  measures  the  length  of  the 
ftrument  when  in  position. 

12  The  conical  contact  points  of  the  strain  gage  have  an  angle  of 
deg.  This  difference  of  10  deg.  between  the  reamed  hole  in  the 
Her  shell  and  the  points  of  the  gage  secures  contact  at  a  short  dis- 
koe  below  the  surface  of  the  shell.  Ordinarily  the  reference  holes 
>  safe  against  accidental  injury,  due  to  their  position. 

3  As  to  the  degree  of  precision  attained  with  fche  strain  gage,  in 
hands  of  skilled  manipulators  and  under  favorable  conditions, 
h  as  were  experienced  with  these  boilers,  it  is  believed  the  readings 
generally  reliable  to  one  ten-thousandth  of  an  inch.  This  strain 
"esponds  to  a  stress  of  300  lb.  per  sq.  in.  on  a  10-in.  gaged  length, 


FiQ.  1    10-In.  Strain  Gagb 

ag  a  modulus  of  elasticity  of  30,000,000  lb.  Fig.  2  shows  boiler 
.  4084,  Both  boilers  were  of  the  same  dimensions  except  at  the 
'  sheets.  When  on  their  settings,  boiler  No.  4084  was  on  the 
5t,  boiler  No.  4092  on  the  left  side.  This  view  shows  the  locations 
^me  of  the  gaged  lengths  which  were  established  on  this  boiler, 
^  in  both  tangential  and  longitudinal  directions. 
^  A  more  comprehensive  series  of  lengths  was  established  on 
Bf  No.  4092,  and  the  general  discussion  of  the  results  of  the  strain 
surements  will  be  given  in  connection  with  the  test  of  that  boiler. 
>  In  the  test  of  No.  4084  greater  strains  were  displayed  in  the 
^ty  of  the  dome  and  the  manhole  frame  than  at  other  parts  of 
shell.  This  resulted,  as  would  clearly  be  expected,  in  the  early 
11^  of  the  boiler  at  those  places. 

^  Actual  rupture  of  the  dome  was  not  accomplished,  but  leakage 
^  its  single-riveted  longitudinal  seam  became  so  great  at  266  lb. 
■sure  that  it  was  necessary  to  remove  the  dome  and  patch  the 
*  in  order  to  reach  higher  pressures  with  the  pump  available. 
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^  At  270  lb.  pressure  the  cast4roD  manbde  frame  fraotured 
■a  the  middle  of  its  length.  Another  patch  was  then  put  on  the 
GOTering  the  manhole. 

The  test  was  again  resumed  when  at  295  lb.  pressure  the  rupture 
ree  teaces  of  the  front  bead  occurred.  The  test  was  then  dis- 
Qued  and  the  boiler  dismantled. 


3    ImI'SKioh  or  Doue  Showino  Linkb  alono  which  Scale  was  Dib- 
TUSBBD  AFTER  PsneaTmE  OF  266  Lb.  on  Shell 

)  The  atiun  measurements  made  in  the  test  of  No.  4084  were 
he  same  general  order  aa  those  subsequently  made  in  the  test  of 
leoond  boiler  and  the  results  were,  for  the  most  part,  quite  ffimilar. 
)    A  feature,  however,  in  the  test  of  the  first  was  absent  or  obscure 

TABUB  1     TANGENTUL  EXTENSIONS  OF  THS  BBAHS,  BOILER  NO.  (OH 


tat  of  th;e  second.  There  was  a  progreaaive  difference  in  theexten- 
Lty  taken  across  the  longitudinal  seams  of  the  ^veril  courses 
*«ing  from  the  front  to  the  rear  end  of  the  boiler, 

The  tangential  extensions  of  the  seams,  at  the  middle  of  their 
Uis,  were  aa  shown  in  Table  1. 
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22  While  these  seams  were  not  directly  exposed  to  the  heated  gam 
over  the  grate,  nevertheless  it  seems  probable  that  a  wider  range  of 
thermal  conditions  prevailed  in  the  vicinity  of  the  seams  at  the  froot 
end  over  those  at  the  rear  end  of  the  boiler.  If  such  was  the  case  H 
would  aid  in  explaining  the  greater  slip  of  the  forward  seams. 


23  Hydrostatic  pressures  on  the  exterior  surfaces  of  tia  trim 
necessarily  extend  them  in  length.  The  amount  of  the  eilon 
appears  to  depend  upon  their  position  with  reference  to  thairpn^ 
ity  to  the  shell.  Tubes  adjacent  to  the  shell  extended  len  thutfaOK 
at  the  middle  of  the  rows,  a  restraining  influence  from  the  ehdi  in<i^ 
ing  to  affect  the  outer  ones. 

24  The  results  in  Table  2  were  obtained  by  measuring  the  Wbn 
over  their  full  length. 

25  Practically  no  leakage  occurred  about  the  tubes  tbiongbotit 
the  test  of  this  boiler.  A  slight  leakage  took  place  at  two  tubetit 
120  lb.  pressure,  but  soon  ceased  and  was  not  renewed  during  the 
remainder  of  the  test.  The  girth  seams  remaned  tight  up  to  M" 
lb.  pressure,  and  then  showed  only  small  leaks  which  were  not  nul*" 
rially  increased  under  the  higher  pressures. 

26  Leakage  at  the  longitudinal  scams  began  at  120  lb.  pw**" 
and  increased  as  higher  pressures  were  applied.  The  leakage  bee«D* 
general  at  these  seams  with  180  lb.  pressure  on  the  boiler,  bat  ** 
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the  slip  of  the  joiatfl  had  beoome  a  pronounced  feature  of 
vhioh  necesaarily  disturbed  the  calkmg. 


TABLE  t   BXTXN8I0N  OF  TUBEa  BOILBR  NO.  «)M 

Taian  Eow  [  SarBsTH  Row 

NotBfaril 


Hlddkolltow 


o.oia 

D.OIM 


0.0077 

o.oon 


OB  nsnorai  of  the  dome,  evidence  of  overstraining  was 
M  base  next  the  flanged  portion.  The  scale  had  been  dis- 
.  ft^  inffldt;,  on  the  line  and  in  the  vicinity  of  the  upper 
r  the  boiler,  as  shown  in  Fig.  3.  Near  the  flange  the  scale 
iied  in  oblique,  shearing  directions,  which  chained  to  longi- 
id  then  tangential  directions  a  little  farther  up  the  dome. 


J4TBBIOK  View  of  Boiler  No.  40S4  after  295  Lb.  Prebburk 
3ALB  Disturbed  in  Vicinity  op  the  Lonoitudinal  Sbam  and 
>OETiNa  hva 

a.  4  and  5  are  interior  views  of  the  boiler  illustrating  the 
which  the  scale  was  disturbed  during  the  test  in_the  vicJn- 
loi^^tudinal  seams  and  under  one  of  the  lugs, 
uts  were  used  under  the  middle  lugs  and  supported  a  part 
ght  of  the  boiler  during  the  test.    They  probably  intensi- 
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fied  the  stresses  in  the  shell  in  that  vicinity.    The  interior  miilioe  ^ 
the  shell  and  also  the  heads  were  found  in  good  condition.    Fig.  ^ 
shows  the  appearance  of  the  inside  of  the  rear  head. 

30  A  series  of  six  photographs,  Figs.  7  to  12  indusivei  shows  '^^^ 
appearance  of  the  exterior  surfaces  of  the  tubes.    The  sgrston  of  I^^ 
tering  and  numbering  the  horizontal  and  the  vertical  rows  is  in^^^' 
cated  in  Fig.  6.    The  layout  of  the  feed  pipes  appears  on  Fig.        ^^' 

31  Tubes  in  the  horizontal  row  marked  D,  the  fourth  in  the  htm     S^^ 
from  the  top,  Fig.  7,  had  a  deposit  on  the  rear  third  of  their  l^[i^^3^> 

and  also  a  slight  deposit  on  the  front  ends.    On  some  of  the  lo ^^^ 

rows  the  deposit  was  thicker,  as  Figs.  8-12  indicate.    In  gen^^^^ 
the  deposit  was  greatest  in  the  lower  rows  of  tubes  and  on  those  r       i^' 
thest  from  the  shelli  being  confined  chiefly  to  the  rear  quartei^c:^  o^ 
half  of  their  lengths.    The  lower  rows  of  tubes,  at  the  front  enc^  ^^^  ^^ 
the  boiler,  had  a  deposit  on  them.    The  smf aces  of  the  upper  ~  ^ 

and  the  side  rows  were  clean  without  deposit. 

32  Material  collected  from  the  bottom  of  the  boiler  at  the  fiK^S  ^^^ 
and  rear  ends  had  the  following  approximate  chemical  compositc^^^^^^ 

Deposit  from  front  end  of  boiler:  Fv  o^*""^    ^ 

Loss  on  ignition 26.000^^  -  -^ 

SO, :    4.1flO-r  -  '-^^ 

SiUca M.-'^'"*^       '^ 


FeiOi+Al,0, 25 

Lime 6.'*'^™*=     ••* 


Magnesia 13.10OX  -  ^-^j 

Copper  oxide  (about) 0.253^  -  •* 

CO, Blight  amountr  XX  *-™* 

Chlorides 

Deposit  from  rear  end  of  boiler: 

Loss  on  ignition 23. 

SO, 

Silica 27. 

Fe,0,+Al,0, 24. 

Lime 9. 

Magnesia 12. 

Copper  oxide  (about) 0. 

Chlorides traee 

Carbonates small  amoont 

33  Prior  to  testing  boiler  No.  4092,  it  was  stripped  of  its  dome  and 
manhole  frame  and  the  shell  patched  at  those  places.  The  heads 
were  strengthened  by  means  of  six  IJ-in.  braces  extending  from  head 


v/ 


.1^ 
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to  head.  The  oast-iron  aafety-valve  oozxle  was  allofwed  to  remain 
m  ]dace,  but  was  eventually  replaced  by  &  soft  patch,  after  300  lb. 
pnnure  had  been  applied  and  released.  The  distortion  of  the  shell 
imder  the  flange  of  the  notsle  caused  leaks  impracticable  to  calk. 

31  Fig.  14  shows  the  boiler  when  about  ready  for  the  hydrostatic 
tot  It  was  supported  on  two  wooden  shoes  sawed  to  fit  the  curva- 
ture of  the  shell,  in  lieu  of  the  blocking  shown  in  the  illustration. 

35  The  gaged  lengths  which  were  established  on  the  right  side 


^tQ.  0    IiromxorltaABHKAD,  BoilbkNo.  4064,  ArTKR295LB.  Presbuke. 

^**mMB  AMD  FlGDSSe  RXFER  TO  MaRXS  ShOWINO  LOCATION  OP  TdBES  IM  Bvb- 

""^^^fcrr  PHOToaRAPHS 

^  the  boiler  are  shown  in  this  figure  and  practically  stand  for  those 
^  the  left  aide,  while  additional  ones  were  laid  off  on  the  top.  Figs. 
^>  16  and  17  show,  however,  the  different  gaged  length  on  each  side 
^f)  the  top.  Additional  gaged  lengths  were  laid  off  and  measured 
*bich  are  not  shown  on  these  diagrams;  their  results  confirm  those 
***»ch  will  be  referred  to.  There  were  165  gaged  lengths  used  in  the 
PrtUcjpai  series  of  observations,  on  which  some  3300  readings  were 
*»ken. 

36    The  general  results  of  the  strain  measurements  have  been 
Plotted  on  a  series  of  ten  diagr.ims,  Figs.  18  to  27,  inclusive.     For  the 
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Impose  of  furnishing  a  convenient  basis  of  comparison,  in  judging 
e  behavior  of  the  boiler  at  different  parts  and  under  different 
^SBoreSi  heavy  lines  have  been  drawn  on  each  diagram  which  indi- 
te strains  corresponding  to  those  which  would  be  displayed  by  the 
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FxG.  13    Latoxtt  of  Febd-Pipss 
ipe  A    Discharged  directly  over  Tubes  of  Row  No.  5  at  Rear  End 
Ipe  B   DiBcharged  directly  over  Tubes  of  Row  No.  12  at  Front  End 

^BUB  t    COMFUTBD  STRESSES  ON  THE  SHELL  SHEETS,  BOILER  NO.  4092 


k>ikr  Piwram,  Lb. 

Btnm 

oii|-In.SbaU.Lb. 

Stnln 

on  Oacad  Lenfth 

ptrSq.  Ib. 

• 

per  8q.  In. 

• 

of  10  In. 

10 

2880 

0.0010 

00 

6700 

0.0019 

00 

8640 

0.0029 

110 

11630 

0.0088 

in 

14400 

0.0048 

100 

17280 

0.0058 

SIO 

20100 

0.0067 

MO 

38040 

00077 

170 

26920 

0.0086 

000 

28000 

0.0096 

ts  under  direct  tensile  stresses,  using  a  modulus  of  elasticity 
)yOOO,000  lb.  per  sq.  in.  Plotted  curves,  which  are  steeper  than 
Qiodulus  of  elasticity  reference  line,  indicate  places  on  the  boiler 
ag  greater  rigidity  than  normal  to  the  plain  sheets;  while  flatter 
es  indicate  greater  extensibility  than  pertains  to  the  plain  metal. 
Tangential  rigidity  above  the  normal  was  displayed  in  the 
lity  of  the  girth  seams,  while  the  gaged  lengths  taken  across  the 
itudinal  seams  at  the  middle  of  the  length  of  the  courses  showed 
uch  lower  degree  of  rigidity  than  common  to  the  plain  sheet. 
ts  of  greater  extension  than  normal  were  also  found  in  the  vicinity 
16  manhole  and  dome. 
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tiening  of  the  curves  representing  the  solid  sheets  neces- 
anpaaied  those  pressures  which  caused  a  tensile  stress  on 
Ki  excess  of  its  elastic  limit. 

)le  3  shows  the  computed  stresses  on  the  shell  sheets,  con- 
ily  timgential  stresses  as  acting,  and  the  strains  which  should 
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DiAORAlf  SHOWING  LOCATION  OF  GaGED  LeNGTHB,  10  IN.  EACH, 

Laid  Off  on  Right  Side  on  Boiler  No.  4092 
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AQRAM    showing    LOCATION    OF    GaGED     LeNGTHS,     10  IN.     BACH, 

Laid  Off  on  Left  Side  of  Boiler  No.  4092 


»ed  on  a  gaged  length  of  10  in.,  using  a  modulus  of  elastic- 
K)0,000  lb.,  the  interior  diameter  of  the  boiler  being  72  in. 
erring  now  to  the  plotted  results,  Fig.  18  shows  the  tan- 
ensions  of  sheets  C  and  D  on  the  right  and  left  sides  of  the 
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boiler  respectivelyy  taken  at  the  middle  of  the  lengths  of  the 
Qaged  length  D-18,  on  the  rig^t  side  of  the  boiler,  was  located 
the  longitudinal  seam,  while  C-18,  on  the  right  side,  was  located 
the  longitudinal  seam. 

41  The  tangential  extensions  of  each  of  these  gaged  lengths 
follow  the  modulus  of  elasticity  comparison  curve.  The  departi 
of  Z>-18  from  this  line  does  not  exceed  0.0002  in.  at  any  pressurei 
coincides  with  it  at  several  pressures.  The  extensions  displayed 
the  gaged  lengths  on  the  opposite  side  of  the  boiler  agreed  fairiy 
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Fig.  17    Diagram  showing  Location  of  Gagbd  Lbngths,  10  in.  e. 

Laid  Off  on  Top  of  Boileb  No.  4092 


Jy 


y 


with  the  modulus  of  elasticity  reference  line  also,  but  not  so  cl 
as  the  results  found  on  the  right  side,  while  rapid  extension 
place  one  increment  of  pressure  earlier  than  on  the  right  side, 
close  a  correspondence  between  the  measured  and  the  oompa 
strains  as  shown  on  this  diagram  did  not,  however,  characterize        _ 
places  on  the  shell .    Commonly  there  were  modifying  influences  wb-^ 
disturbed  the  normal  display  of  elastic  extensions  of  the  metal  ^ 

42  Fig.  19  shows  that  the  tangential  strains  near  the  girth  seaM^"*^"^' 
D-5  and  D-9,  were  less  than  at  the  middle  of  the  course.  In  gen^^^^ 
this  behavior  was  shown  in  the  other  courseSi  but  an  excepti^^^ 
was  found  on  the  left  side  of  the  boiler  in  course  B  where  8u 
tially  the  same  rigidity  was  displayed  at  the  middle  as  at  the 
of  the  course. 

43  In  the  third  group  of  curves  on  this  diagram,  however,  the  €J^"" 
tension  of  Z)-16  taken  at  the  middle  of  the  course  is  seen  to  b^ 
greater  than  at  D-S  and  D-12,  curves  representing  the  edges. 

44  There  is  a  marked  difference  in  the  tangential  extension  of  tb^ 
two  edges  of  the  end  courses  of  the  boiler,  due  to  the  influence  of  the 
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m  teppwtiiig  the  shells.  Fig.  20  shows  the  greater  rigidity  of 
kogtbs  £-12  which  are  taken  nearly  over  the  rear  head,  than 
other  placee,  which  were  measured  on  Hob  course. 
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t     CUBTEB   OF   TiKOEKTIAI,   EZTXNeiON,   SOLID   ShEBTS,    AT  MIDDLE 

Length  op  Coubses  C  and  D,  Riobt  and  Left  Sides  or  Boiler 


In  regard  to  the  top  of  the  boiler  there  were  many  disturbing 
iwe8ent,a8  indicated  by  Fig.  21.     The  first  course  is  a  short 
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one  with  the  front  bead  to  stiffen  one  edge.    Then  came  the  draw 
the  origjnal  construction  on  couise  B,  which  waa  patched,  and  1 


Fia.  ao   CimvBB  of  Tanosntul  Extkkbion,  Solid  SsBm,  Em  Conu 
E,  NBAS  Rbar  Head,  Girth  Ssah,  and  Middlb  of  Lbnotb  wCouhi 


Fio.  21  CintVEa  of  Tangential  Extgnbion,  top  of  Boileb,  nxai  Fi"" 
Head,  Girth  Seahb,  Doue  and  Manhole  Patches,  and  Safbti-**'' 
Nozzle 

patch  double-riveted,  using  the  rivet  holes  that  were  made  for  ^™| 
ing  the  flange  of  the  dome  to  the  shell.     Course  C  had  the  i»«** 
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a  angle  riveted  ooei  urang  the  holes  made  for  securing  the 
le  frame  to  the  shell.    In  course  D  was  found  the'  feedwater 


22    Curves  of  Tanoential  Extension,  across  LoNairtrDiM al  Seams,  - 
uxor  Length  or  Course. C,  and  at  Edqes,  Riort  and  Liit  Sides 


3  Ctirves  or  Tanqential  Extension,  acboss  Lonoitudinal  Sbamb, 
DLEOF  Lenoth  of  Cocrsb  D,  and  at  Edqbb,  Right  and  Left 
r  Boiler 

tion  which  probably  did  not  have  much  influence  on  the  behav- 
his  course  while  under  pressure.     Course  E  had  the  cast-iron 
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safety-valve  nozzle  riveted  to  it,  Trhioh  did  seem  to  have 
on  the  tangential  extension  of  the  Bteel,  pennittiiig 
than  normal. 
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Fio.  21   CuBTvs  OF  TAHaaHTtAi.  Extbnsiok,  Msoas  LoMffimDniLSWB 
AND  Solid  Shxbtb,  End  Cotntsa  A;  Extimsioks  nxak  Fboxt  un  Om 

Shah 


Fig.  25    Curves  07  Tangential  Extension,  ACBOSaLowomtvnULS^ 
End  Coubbb  £,  Extensions  near  Rbab  Head  and   Qibth  bAH 
Middle  of  Length  or  ConasB 

46    The  extension  of  course  A  at  the  edge  over  the  front  bead 
Ic^  than  at  the  opposite  edge.    Gaged  lengths  .0-62  and  A-67  aho^ 
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e  of  the  OTerlapping  metal  of  the  patch,  as  well  as  that  of 
prth  Beams.  The  extoiaoQ  at  these  two  places  was  less  than 
al. 
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36   CuKV>  or  TAnaaNTiAL  Rbsiliimcb,  acbou  LoNairnsiMAL  Ssah, 
D,  RioHT  BiDB  or  BoiLSB,  atMiddlb  or  Coubsz  and  nbab  Oibtr 


IT    CuSTKs  or  TANOaHTiAL  Extbnbioh,  Hand-Rivetxd  Sectiom, 
CocBBR  C,  Top  or  Boilkr 

At  the  side  of  the  manhole  patch,  C-58,  there  was  found  dimin- 
igidity  ia  the  shell.  The  weakness  of  this  single-riveted  patch 
'parent  in  the  measurements  from  the  earliest  pressures  which 
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were  applied  to  the  boiler.  Conditions  about  the  safety-valve  mule 
did  not  seem  fully  to  compensate  for  this  opening  in  the  shell,  u 
shown  by  the  extensions  on  gaged  lengths  £-63  and  E-M. 

48  Referring  next  to  the  behavior  of  the  shell  at  the  Muu, 
Fig.  22  shows  two  groups  of  curves  of  three  lines  each  which  npn- 
sent  the  tangential  extensions  on  gaged  lengths  established  on  eoune 
C  taken  across  the  longitudinal  seam  at  the  middle  and  at  the  ed|H 
of  the  course. 

49  Curves  C-7  and  C-11,  representing  the  extensioD  at  the  edin 
of  the  course  on  the  right  side  of  the  boiler,  coincide  ui  pUeea  ai 
show  but  slight  divei^ence  where  they  depart  most  from  the  earned'? 


Fiu.  28    Manholk  Patch  afti^k  Uui^ube.    Maximum-Pbessurk  ox  Shell 
335  Lb.  pbr  Sq.  In. 

tliat  is,  they  indicate  that  uniform  behavior  was  displ^vd  at  the 
opposite  edges  of  this  course.  Each  deflect  rapidly  under  preasurp 
ubovo  150  lb.  per  aq.  in.,  corn>s)>onding  to  a  tensile  atress  of  14,400 
lb.  per  sq.  in.  on  thu  aulid  sheet. 

50  At  the  middle  of  the  length  of  tlie  course,  curve  C-15  showed 
an  increase  in  the  rate  of  cxtonsiun  at  the  above-mentioned  preasure. 
and  for  each  succeeding  pressure  a  greater  extension  than  that  wit- 
nessed at  the  edges.  Necessarily,  variatioosin  the  tangential  exten- 
.siuns  at  different  jiarts  uf  the  length  of  a  seam  would  cause  variations 
in  the  stresses  of  tiie  solid  metal  of  the  shell  in  those  localities. 

51  In  the  ciise  of  a  three-course  boiler  with  one  sheet  to  a  course. 
iis  found  in  current  construction,  it  would  seem  that  a  double-riveted 
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lap  joint  might  occasion  an  excessive  stress  in  the  solid  sheet  abreast 
the  end  of  the  seam,  under  certain  pressures. 

52  In  the  present  test  the  longitudmal  seams,  being  only  three 
rivet  pitches  apart,  furnish  a  line  from  front  to  rear  of  the  boiler 
across  wliich  the  extensions  are  greater  than  those  which  are  displayed 
by  the  solid  sheets. 

53  Kg.  23  shows  results  corresponding  to  those  of  Fig.  22  but  per- 
taining to  Df  the  next  course  of  the  boiler.  The  results  are  about 
'the  same  on  each,  the  maximum  tangential  extensions  being  dis* 
played  at  the  middle  of  the  length  of  the  seams. 

54  Kg.  24  shows  the  extension  of  end  course  Af  across  the  longi- 
tudinal seams  on  either  side  of  the  boiler  and  also  the  extension  of 
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Fio.  31    LozroiTUDiNAL  Strains,  on  Top  of  Boilbb  in  Vicinitt  of  Dome 

-AND  MaMHOUI  PaTGBBSi  ON  DOMB  PaIOB,  AND  ACBOB8  GiBTH  SbAMS,  AT  00, 

^UO  AMD  270  Lb.  Pbbssubb 


^e  solid  sheet  near  the  girth  rivets  of  the  front  head.  The  diver- 
Csnt  curves  of  this  diagram  indicate  how  differently  in  degree  the  metal 
3s  strained  at  the  several  gaged  lengths  of  this  narrow  course.  There 
Memsi  however,  no  lack  of  consistency  in  the  behavior  of  the  metal. 
The  strains  were  relatively  such  as  would  be  expected  under  ^  con- 
ditions present  in  this  part  of  the  boiler. 

65  The  strains  in  course  E^  at  the  rear  end  of  the  boiler  are  shown 
in  Fig.  25,  where  the  behavior  of  the  shell  was  found  to  be  similar  to 
that  at  tiie  firont  end.  Notwithstanding  the  fact  that  the.  results 
appear  consistent  and  the  relations  between  the  differ^^rairts  of 
the  boiler  harmonious,  attention  is  attracted  by  the  variaU^e^  of 
the  strains  as  they  are  found  developed,  according  to  the  position  of 
the  measured  lengths.  The  degree  of  variability  witnessed  in  this 
type  of  boiler,  which  is  certainly  one  of  plain  form,  is  such  as  to  excite 
speculative  interest  in  more  complicated  types. 
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56  The  results  of  the  diagramSi  Figs.  18-27,  refer  to  the  totfti 
extensions  of  the  gaged  lengths,  that  is,  they  include  the  elastie 
extensions  and  the  permanent  sets  when  sets  have  occurred,  lie 
curves  m  Fig.  26  were  plotted  for  the  purpose  of  showing  the  ehrtk 


Fig.  38  Tangential  Stresses,  Lb.  peb  Sq.  In.,  at  90  Lb.  Boileb  Pu^ 
SURE.  Results  basbd  on  Resiliences.  Right  Side  of  Boileb.  Nob- 
MAL  Computed  Stress,  8640  Lb.  per  Sq.  In. 
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Fig.  39  Tangential  Stresses,  Lb.  per  Sq.  In.,  at  180  Lb.  BoilbbP^*^ 
SURE.  Results  based  on  Resiliences.  Right  Side  of  Boileb.  No>^*' 
Computed  Stress,  17,280  Lb.  per  Sq.  In. 

extensions  only,  or  what  is  equivalent  to  the  same,  the  resilience  w 
the  shell  taken  across  the  longitudinal  seam  of  course  D,  right  ^ 
The  greater  resilience  of  gaged  length  D-15,  which  was  located  aero* 
the  longitudinal  seam  at  the  middle  of  its  length,  over  the  amoon* 
called  for  by  the  modulus  of  elasticity  curve  will  be  noted.    Thiafflif^^ 
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taken  to  indicate  an  intensity  of  strees  above  the  normal  in  the 
11  in  that  vicinity,  or  it  may  mean  that  bending  and  shearing 
»Bes  at  the  seam  in  addition  to  tensile  stresses  on  the  sheets  modi- 
I  the  results. 
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lo.  40  Tangential  Stresses,  Lb.  peb  Sq.  In.  at  270  Lb.  Boileb  Pbes- 
B.  Results  based  on  Resiliences.  Right  Side  of  Boileb.  Nobmal 
PUTED  Stbbs^,  25,920  Lb.  pee  Sq.  In.  Gaged  Lengths  on  which  Decided 
MANENT  Sets  Occubbed,  Indicated  bt  a  Stab 
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^0.  41  Tangential  Stresses;  Lb.  per  Sq.  In.,  at  90  Lb.  Boiler  pRBb- 
^.  Results  based  on  Resiliences.  Left  Side  of  Boileb.  Nobmal 
4PTJTED  Stbess,  8640  Lb.  per  Sq.  In. 

i7  "rtie  interior  pressure  on  the  boiler  was  increased  from- 300  lb., 
'■  highest  indicated  on  the  diagrams,  to  335  lb.,  under  which  latter 
asure  rupture  of  the  manhole  patch  occurred.  Three  of  the  rivets 
ne  sheared  by  the  tangential  stress  of  the  shell,  followed,  apparently, 
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by  the  fracture  of  other  rivets  by  tension  on  the  stems,  whidi  pulled 
off  the  heads  and  finally  tore  the  shell  longitudinally  along  its  upper 
element,  starting  this  fracture  at  a  rivet  hole  of  the  manhole  openins. 
Fig.  28  shows  the  appearance  of  this  fracture. 


TT    i:   ^ 


Fig.  42  Tanqbntial  Stresses,  Lb.  per  Sq.  In.,  at  180  Lb.  Boiler  ?vur 
SURE.  Results  based  on  Resiliences.  Left  Side  of  Boiler.  Nouul 
Computed  Stress,  17,280  Lb.  per  Sq.  In. 
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FiQ.  43  Tangential  Stresses,  Lb.  per  Sq.  In.,  at  270  Lb.  Boiler  Ftf** 
sure.  Results  based  on  Resiliences.  Left  Side  of  Boiler.  Nobhai^ 
Computed,  Stress,  25,920  Lb.  per  Sq.  In.  Gaged  Lengths  on  which  Dicn^ 
Permanent  Sets  Occurred,  Indicated  by  a  Stab 


58  The  shell  was  repaired  by  cutting  out  a  portion  of  couiis  ^i 
across  the  top  of  the  boiler  and  putting  in  a  section  the  full  M^ 
of  the  course  and  about  3  ft.  wide,  measured  on  the  arc.    This  n«^ 
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km  was  double-riveted  to  the  shell  at  its  longitudinal  seams.  The 
to  were  f}  in.  in  diameter  and  had  a  pitch  of  2.87  in.  The  rows 
e  1.53  in.  apart,  with  rivets  staggered,  which,  were,  of  course, 
d-driven.  The  points  of  the  rivets  were  hammered  down  to 
ical  shape,  low  in  height  and  with  thin  edges.  In  this  re- 
;t  they  were  less  substantial  than  the  points  of  the  original 
ihine-driven  rivets  of  the  seams. 
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G.  44  Tangential  Stresses,  Lb.  per  Sq.  In.,  at  90  Lb.  Boiler  Pres- 
.  Results  based  on  Resiliences.  Top  of  Boiler.  Normal  Com- 
D  Stress,  8640  Lb.  per  Sq.  In. 
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iG.  46  Tangential  Stresses,  Lb.  per  Sq.  In.,  at  180  Lb.  Boiler  Pres- 
s.  Results  based  on  Resiliences.  Top  op  Boiler.  Normal  Com- 
u>  Stress,  17,280  Lb.  per  Sq.  In. 


9  The  hand-driven  rivets  would  not  be  expected  to  hold  the  calk- 
as  well  as  the  machine-driven  rivets  by  reason  of  the  difference 
heir  points,  and  the  test  showed  that  sucli  weakneiss  was  the  case. 
0  The  diagram,  Fig.  27,  shows  the  behavior  of  the  seams  of  this 
^  section  of  course  C.  The  flatness  of  the  curves  indicate  how  early 
3enew  seams  began  to  display  rapid  extension,  and  with  so  decided 
ovement  the  calking  was  soon  disturbed  and  copious  leaks  started. 
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At  the  time  of  presenting  these  notes  no  higher  pressure  has  bea 
reached  than  the  rupturing  one  of  335  lb.  previously  mentionecL 

61  The  strain  measiirements  thus  far  described  were  these  iitiA 
were  observed  on  tangential  gaged  lengths.  In  addition  to  thisM 
mdicated  in  the  diagrams,  Figs.  15, 16  and  17,  there  were  longHudiD>I 
gaged  lengths  laid  off  on  the  shell  and  measured. 

62  In  a  plam  cylindrical  shell  the  tangential  extension  of  the  nekd 
would  necessarily  be  attended  with  a  definite  amoimt  of  longitudiDil 
contraction,  eliminating  the  effect  of  pressures  on  the  head.  The 
conditions,  however,  which  are  present  in  steam  boiler  oonstructiNi 
will  generally  prevent  realizing  the  longitudinal  strains  which  wouM 
be  looked  for  in  a  plain  sheet. 
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FiQ.  46  Tangential  Stressbs,  Lb.  per  Sq.  In.,  at  270  Lb.  Boiler  Pees- 
suBE.  Results  based  on  Resiliences.  Top  of  Boilbb.  Nobmal  Com- 
puted Stress.  25,920  Lb.  per  Sq.  In.  Gaqbd  Lbnqths  on  which  Decidb) 
Permanent  Sets  Occurred,  Indicated  bt  a  Stab 


63  In  the  present  test  there  were  parts  of  the  boiler  nearly  free 
from  longitudinal  strains,  while  there  were  other  places  in  which  the 
strains  were  reversed,  and  longitudinal  extension  shovm  instead  of 
longitudinal  contraction. 

64  In  order  to  determine  whether  the  action  immediately  at  the 
girth  seams  was  represented  by  the  10-in.  gaged  lengths  which  fipanned 
them  symmetrically,  other  gaged  lengths  were  established  on  tte 
shelly  not  indicated  on  the  diagrams  herewith  presented.  Tbtf^ 
were  in  pairs,  one  being  wholly  on  the  solid  sheet,  the  other  just  sUP* 
ping  on  to  the  adjacent  course.  The  observations  on  these  ptf^ 
lengths  lead  to  the  same  results,  however,  as  found  on  those  whioi 
symmetrically  spanned  the  seam. 

65  The  results  of  these  observations  showed  that  along  the  lo*'' 
quarter  of  the  boiler  the  longitudinal  strains   were  oontii0tM>*> 
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along  the  upper  quarter  they  were  in  part  contractions,  and  in 
ictenaions.  The  strains  observed  at  270  lb.  pressure  are  entered 
9  lightly  printed  photographs,  Hgs.  29  and  30.    In  Fif^.  29  are 

the  strains  which  were  measured  on  gaged  lengths  1  and  3, 
on  the  solid  sheets  at  the  middle  of  the  lengths  of  the  courses. 
;.  30  are  shown  the  strains  which  were  measured  on  gaged  lengths 
4,  taken  across  the  girth  seams.  Minus  signs  before  the  figures 
te  contractions  while  plus  signs  indicate  extensions. 

It  will  be  observed  that  the  lower  part  of  the  sheU  contracted 
udinally,  notwithstanding  the  fact  that  the  tubes  were  extended 
ison  of  the  exterior  pressures  to  which  they  were  subjected. 


7   Lambllab  Appearancb  of  Mbtal,  Sheet  C,  Fbactubbd  b 
iNo  WHILE  AT  A  Blub  Hbat 


This  behavior  calls  for  bending  at  the  flanges  of  the  heads  to 
■nsate  for  the  difference  in  direction  of  these  movements.  The 
cough  braces  would  relieve  the  shell  of  a  portion  of  the  longi- 
d  tension  coming  from  the  beads  in  the  upper  half  of  the  boiler. 

Longitudinal  gaged  lengths  on  the  upper  part  of  the  shell 
d  dtminlshed  contractions  over  those  observed  on  the  lower 
n,  or  displayed  strains  of  extension.  On  the  very  top  of  the 
the  struns  were  extensions  of  a  pronounced  order. 

It  was  found  on  diagonal  gaged  lengths,  laid  off  on  courses 

D,  upper  quarter  of  the  boiler,  that  greater  extensions  were 
fed  on  the  converging  diagonals  over  those  of  divei^ing  direc- 
The  converging  diagonals,  at  270  lb.  pressure,  extended  0.0047 
1  0.0042  in.  respectively,  against  0.0036  in.  and  0.0028  in.  dis- 
.  on  the  diverging  gaged  lengths. 
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70  The  location  of  the  diagonal  gaged  lengths  on  course  D  are 
shown  in  Fig.  14,  similar  lengths  having  been  laid  off  on  coune  B. 
These  results  are  entered  in  Fig.  30,  in  addition  to  the  longitudinal 
strains.  The  longitudinal  strains,  all  being  those  of  extension,  obeemd 
on  the  top  of  the  boiler,  have  been  entered  on  the  dii^gram.  Fig.  31. 
The  strains  for  each  pressure,  90,  180,  and  270  lb.  respectively,  are 
given.  The  range  and  variability  of  these  measurements  are  seen 
to  be  very  pronounced. 

71  A  series  of  lightly  printed  photographs,  Figs.  32  to  37  inclusire, 
are  presented,  on  which  are  entered  the  measured  tangential  strains 
observed  at  pressures  of  90,  180  and  270  lb.  respectively. 

72  The  strains  observed  on  both  the  right  and  the  left  sides  are 
entered,  however,  on  prints  representing  the  right  side  of  the  boiler. 
It  will  be  understood  that  the  longitudinal  seams  of  the  left  side 
were  the  reverse  of  those  on  the  right  side  as  regards  their  respective 
heights.  That  is,  on  the  left  side  the  seams  of  course  B  and  D,  were 
three  rivets  above  instead  of  three  rivets  below  the  others,  as  shown 
in  illustrations  of  the  right  side.  The  tangential  strains  called  for  by 
computation  based  on  a  30,000,000  modulus  of  elasticity  are  stated 
for  eacli  pressure  in  the  captions  of  the  ^ures. 

73  The  range  in  measured  strains  above  and  below  the  computed 
jiniount  will  be  noted  upon  inspection  of  Figs.  32-37.  Thestrainsvere 
least  in  amount  at  the  heads,  and  generally  greater  rigidity  was  dis- 
played at  the  intermediate  girth  seams  than  in  the  solid  sheets,  under 
the  earlier  pressures.  At  the  middle  of  the  length  of  the  longitudinal 
seams  the  maximum  extensions  were  developed,  witnessed  in  thb 
examination  of  the  behavior  of  the  shell. 

74  The  results  thus  far  presented,  with  the  exception  of  those  on 
Fig.  26,  have  included  both  the  elastic  strains  and  the  permanent 
sets  of  the  different  measured  lengths. 

75  The  permanent  sets  have  been  subtracted  from  the  extensions 
and  the  stresses  corresponding  to  these  resiliences  computed,  and 
the  results  entered  on  another  series  of  diagrams,  Figs.  38  to  46 
inclusive.  These  results  show  the  tangential  stresses,  in  pounds  per 
square  inch,  found  in  different  parts  of  the  solid  sheets  of  the  shell 
wlicn  the  boiler  was  subjected  to  pressures  of  90,  180  and  270  Ihr 
respectively. 

76  In  looking  over  those  results  the  usual  influence  of  longitudi- 
n;il  s(»anis,  sucli  as  were  used  in  this  boiler,  in  intensifying  tl* 
tangentiiil  stresses  in  the  adjacent  solid  sheets,  may  be  pointed  out 
The  excessive  stress  jit  the  side  of  the  single-riveted  manhole  patch  b 
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^'ei^arly  shown  in  the  results.    The  high  stresses  at  the  sides  of  tlie 
^'^f'G'ty-valve  nozzle  under  the  maximum  pressure  will  also  be  noted. 

While  the  results  are  consistent,  nevertheless  as  an  engineering 
ure  the  distribution  of  stresses  exhibits  a  range  far  beyond  that 
^'"^icsh  is  expected  in  other  classes  of  constructive  work.    The  type 
V>oiler  being  one  of  the  simplest,  the  extension  of  this  method  of 
to  other  types  would  seem  desirable.    Such  tests  might  assist 
^'^^    ^^^stablishing  satisfactory  rules  for  steam  boiler  construction  and 
'^^^^^lit  reasonably  be  expected  to  aid  in  the  framing  of  regulations 
^ming  allowable  pressures. 

Additional  tests  were  carried  out,  in  which  the  effect  of  changes 
"^    "fc-iie  manner  of  supporting  the  boiler  was  inquired  into.     It  was  sup- 
on  the  four  end  lugs  in  one  test,  and  again  in  another  Umt 
t  of  the  weight  was  carried  by  the  middle  lugs.    In  eacli  case 
was  a  modification  in  the  measured  strains,  although  not  in  a 
ked  degree.    At  the  end  of  the  test  the  several  courses  were  seen 
Aiave  been  visibly  extended  in  diameter  between  the  girth  seams. 
^    The  chemical  composition  of  the  steel  in  course  C  was  as  fol- 
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> . 


Carbon 0.22 

Manganese 0.43 

Silicon 0.046 

Sulphur 0.028 

Phosphorous 0.043 

^      is  recalled  that  this  i)articular  brand  of  steel  at  the  time  of  its 
^^^^nufacture  was  not  infrequently  foimd  to  j^ossess  a  decidedly  lain- 
J^^^ted  structure.    The  laminations  were  not  large,  nor  likely  to  cause 
^*\8ter8  in  the  boiler,  but  they  were  in  places  quite  numerous. 

80  The  metal  from  course  C,  the  only  sheet  yet  examined,  was 
*^\md  to  have  a  laminated  structure.     Fig.  47  shows  the  appearance 

^f  8ome  fractured  strips  from  this  course,  which  were  bent  while 
^t  a  blue  heat,  in  order  to  develop  the  lamination  of  the  plate  in  a 
pronoimced  manner.  The  metal  drifts  well,  a  i  in.  diameter  punched 
hole  having  been  drifted  cold  to  1 J  in.  diameter  without  rupture. 

81  The  services  of  Mr.  P.  W.  Brunner,  and  J.  W.  Herrity  are 
acknowledged,  whose  skill  as  manipulators  is  shown  by  the  internal 
evidence  of  reliability  which  these  measurements,  taken  by  them, 


DISCUSSION 

Francis  B.  Allen.  The  paper  contains  some  very  interodng 
data  which  are  more  complete  than  any  we  have  ever  had  sofarttl 
know,  in  tests  of  boilers  of  this  description.  In  my  own  eq)erienoe, 
it  is  a  very  difficult  problem  to  convince  a  manufacturer  when  i 
battery  of  boilers  has  given  good  service  and,  superficially  at  kut, 
is  without  patches  or  other  evidence  or  deterioration^  that  it  is 
necessary  to  reduce  pressure  in  order  to  maint>ain  so  far  as  poflsBiie 
the  full  factor  of  safety.  I  have  in  mind  a  set  of  boilers  ¥^di  wm 
in  operation  for  27  years,  in  which  the  original  pressure  allowed  was 
85  lb.  By  successive  cuts  as  the  boilers  increased  in  age,  thispm- 
sure  was  reduced  to  60  lb.  and  upon  inspection  a  recommendation  wai 
made  that  the  pressure  be  reduced  to  50  lb.,  or  preferably  that  newer 
and  stronger  boilers  be  submitted.  This  meant  an  expense  of  tlKW- 
sands  of  dollars  and  the  manufacturers  natiu^y  wished  to  use  tte 
boilers  a  little  longer  and  so  make  a  greater  return  upon  the  invest- 
ment. 

In  the  belief,  however,  that  it  would  not  be  advantageous  to  tike 
the  risk  involved,  they  were  taken  out;  and  the  test  which  the  p^Nf 
describes  established  the  fact  that  while  there  was  an  ample  factor 
of  safety  according  to  the  requirements  of  law  and  custom,  the  recom- 
mendation to  remove  the  boilers  was  fully  justified  because  they  hai 
approached  the  danger  line  as  closely  as  should  be  allowed.  The  f»ct 
that  these  boilers  described  in  the  paper  were  exceptionally  good 
and  had  been  carried  by  one  organization  and  insured  by  another  fioDi 
the  time  they  were  put  into  conmiission  imtil  they  were  taken  out, 
niak(»s  the  record  and  data  unusually  valuable. 

The  Author.  The  two  boilers  under  consideration  present  fc*" 
lures  of  interest  because  of  the  long  term  of  their  service  and  tiiff 
excellent  condition  when  the  tests  were  made.  Originally,  the* 
boilers  w(;re  run  imder  90  lb.  steam  pressure  which  was  eventually 
n^duced  to  60  lb.,  the  pressure  carried  at  the  time  they  were  taken  out 
of  sfTvice. 
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Q  inspection  of  the  interior  of  the  first  boiler  showed  little  or  no 
)  on  the  sheets,  exceptii^g  a  limited  amount  of  loose  material  on 
Kyttom  of  the  boiler.  The  upper  row  and  side  vertical  rows  of  the 
8  were  free  from  deposit,  while  the  interior  ones  had  a  deposit 
!ie  rear  quarter  or  half  and  at  their  immediate  front  ends.  The 
s,  however,  were  free  from  pitting  and  general  corrosion, 
le  condition  of  the  boilers  was  such  that  the  results  of  the  strain 
lurements  may  be  taken  as  representative  of  the  behavior  of 
rsof  their  type  in  respect  to  the  distribution  of  stresses  in  different 
I  of  the  shell  when  under  pressiu-e. 

the  test  of  the  first  boiler,  such  copious  leakage  at  the  single 
ed  longitudinal  seam  of  the  dome  occurred  at  266  lb.  pressure 
its  removal  was  necessitated.  At  that  time,  the  metal  at  the 
of  the  dome  was  overstrained  and  lines  of  scale  were  detached, 
ing  that  the  elastic  limit  of  the  metal  had  been  passed.  The 
lole  frame  was  the  next  to  yield,  fracturing  at  270  lb.  pressure, 
ral  of  the  stays  at  the  front  head  at  295  lb.  pressure  ruptured, 
best  was  then  discontinued  and  the  boiler  dismantled.  The  metal 
the  shell  and  some  of  the  tubes  was  reserved  for  subsequent 
ination  and  test. 

lor  to  testing  the  second  boiler  it  was  divested  of  its  dome  and 
lole  frame  and  the  heads  were  strengthened  by  means  of  six 
igh-braces.  With  this  boiler  a  rupturing  pressure  was  reached 
5  lb.,  the  rupture  occurring  at  the  single-riveted  patch  covering 
oanhole  opening.  A  section  of  this  course  was  cut  out  and  the 
repaired  with  a  new  piece  of  plate,  which  was  double-riveted, 
i-holes  necessary  for  riveting  were  made  in  the  new  plate.  No 
ff  pressure  has  yet  been  reached  than  the  earlier  one  of  335  lb., 
ige  overcoming  the  pumps  and  taking  place  at  the  longitudinal 
8  and  particularly  at  the  new  hand-riveted  seams.^ 
>nceming  the  distribution  of  the  stresses  in  the  shell,  at  few  of 
aeasured  lengths  was  the  tangential  extension  of  the  shell  found 
rrespond  closely  to  the  computed  extension,  although  there  were 
8  where  there  was  full  agreement.  Generally,  the  tangential 
isions  in  the  vicinity  of  the  girth  seams  were  less  than  the  com- 
1  values.  Naturally  the  edges  of  the  end  courses  over  the  heads 
ayed  only  a  limited  amount  of  extension, 
roes  the  longitudinal  seams,  taken  at  the  middle  of  the  lengths  of 

pressure  of  370  lb.  has  since  boon  reached.     The  sheets  show  further 
nation  but  have  not  yet  ruptured. 
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the  several  courses,  the  extensions  were  greater  than  called  for  by 
computation  for  the  solid  sheets.  This  increased  yielding  at  the  km- 
gitudinal  seams  became  more  pronounced  as  higher  pressures  were 
successively  applied,  the  extensions  in  the  vicinity  of  the  girth  seans, 
however,  remaining  less  than  the  normal  amount. 

A  place  characterized  by  unusual  rigidity  was  found  on  the  top  of 
the  boiler  in  the  immediate  vicinity  of  the  double-riveted  manhole 
patch  and  the  girth  seam,  while  in  the  next  course  at  the  side  of  tlie 
manhole  patch  unusual  extension  was  displayed. 

The  relative  rate  of  extension  observed  under  early  pressures  wis 
maintained  without  material  change  under  the  subsequrat  hi^ 
pressures. 

The  longitudinal  strains  were  found  to  be  contractions  on  tiN 
lower  part  of  the  shell,  in  part  contractions  and  in  part  extensions  oi 
the  upper  part  of  the  shell,  while  on  the  top  of  the  boiler  they  were  aO 
strains  of 'extension. 

The  method  of  measured  strains  illustrated  in  these  results  is  s 
convenient  one  for  extending  the  scope  of  research  work  beyond  the 
usual  limits  of  laboratory  tests  as  conducted  in  testing  madiineB. 
Knowledge  pertaining  to  the  distribution  of  stresses,  important  io 
structures  of  all  kinds,  may  be  ascertained  in  this  mannw.  The  con- 
structive merits  of  different  types  of  boilers  admit  of  being  ascertained 
by  the  method  of  measured  strains. 

It  would  seem  feasible,  judging  from  the  indications  of  the  present 
tests,  to  determine  the  merits  of  different  types  by  means  of  observa- 
tions confined  within  the  limits  of  the  usual  hydrostatic  test  pressures, 
as  applied  to  new  boilers.  That  is,  an  adequate  opportunity  is  pre- 
sented in  the  hydrostatic  test  to  acquire  this  information  and  in  no 
wise  impair  the  strength  of  the  shell  or  other  parts  by  reason  of  having 
made  such  strain  measurements. 

Tho  ob\nous  value  of  such  information  will  not  require  further  men- 
tion.  It  is  believed  that  herein  is  presented  a  method  of  test  which 
wall  lend  material  aid  in  furnishing  a  rational  basis  on  which  to  estah- 
lish  rules  regarding  allowable  steam  pressures. 

With  tlic  present  knowledge  available  .on  the  effects  of  repeated 
stresses  in  destroWng  the  integrity  of  structures,  it  is  apparent  that 
information  pertaining  to  the  behavior  of  structures  under  wort* 
inp:  loads  is  desirable.  Most  failures  emphasize  the  need  of  inor* 
('()ni]>letc  data  on  working  conditions  rather  than  any  deficiency  * 
knowlodgo  on  tlio  ultiniato  strength  of  the  component  parts  take" 
iiulividually. 
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HERRINGBONE  GEARS 

WITH  SPECIAL  REFERENCE  TO  THE  WUEST  SYSTEM 

By  Percy  C.  Day,*  Milwaukee,  Wis. 
Non-Member 

"Xhat  the  helical  principle  in  toothed  gearing  is  ideal  from  a  theo- 
retical point  of  view  is  well  knovm.    From  a  practical  standpoint 
"^^rringbone  gears  have  been  less  satisfactory  than  straiglit-cut  spur 
^^ars  because,  until  recently,  no  method  was  devised  for  producing 
^liem  with  the  requisite  speed  and  accuracy.    Within  the  last  six 
Vears  a  method  has  been  found  and  developed  in  England  to  a  high 
degree  of  perfection.    Herringbone  gears  made  by  this  method  are 
^lled  Wuest  gears,  after  the  name  of  the  inventor,  and  can  be  pro- 
duced with  even  greater  accuracy  than  cut  gears  of  the  spur  type 
<Figs.  1  and  2). 

2  The  distinction  between  these  gears  and  those  of  the  ordinary 
herringbone  type  is  that  the  teeth  of  the  former,  instead  of  joining 
at  a  common  apex  at  the  center  of  the  face,  are  stepped  half  the  pitch 
apart  and  do  not  meet  at  all.  This  arrangement  of  the  teeth  does  not 
affect  the  action  of  the  gears,  but  it  facilitates  their  commercial  pro- 
duction and  admits  the  use  of  precision  methods  in  their  manufacture. 

3  The  utilization  of  power  constantly  calls  for  means  to  transmit 
rotary  motion  from  one  axis  to  another  and  to  transform  the  speed 
of  rotation.  While  there  are  many  ways  in  which  such  transmissions 
and  transformations  may  be  produced,  the  merits  of  all  of  them  must 
be  judged  from  the  standards  of  (a)  reliability  and  freedom  from 
wear  and  tear;  (6)  economy  of  outlay;  (c)  mechanical  efficiency;  {d) 
compactness;  (e)  evenness  of  transmission,  absence  of  shock,  jar  or 
vibration;  (/)  absence  of  noise.  The  order  of  merit  may  change 
with  different  applications,  but  the  same  standards  obtain  for  all 

1  Engineer  with  The  Falk  Co. 
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transmissions.  The  various  methods  employed  are  so  well  knon 
that  they  need  no  discussion  here.  Let  it  suffice  to  say  that  tl 
spur  gear,  which  satisfies  only  the  first  four  conditions,  is  mfd  t 
such  an  extent  that  all  other  appliances  are  relatively  unimportut 

ACTION  OF  SPUB  GaAsma 
4    The  aim  of  all  designers  of  gearing  is  to  transmit  rotary  motio 


FiQ.  1    Typical  Hebrinobonb  Gbax  amd  Pinion 

from  one  axis  to  another  in  a  perfectly  even  manner  without  TtfO 
tion  of  angular  velocity.  Let  us  consider  the  action  of  a  eUUP 
spur  pinion  driving  a  gear.  There  are  three  dlstmct  phsM  < 
{ement: 
a  First  phase:  The  root  of  the  pinion  tooth  engages  the  poo 
of  the  gear  tooth. 
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6  Second  phase:  The  teeth  are  engaged  near  the  pitch  line. 

c  Third  phase:  The  point  of  the  pinion  tooth  engages  the  root 
of  the  gear  tooth, 
)  Let  us  assume  that  the  teeth  are  accurately  out  to  involute 
I,  so  that  if  the  pinion  moves  with  even  ai^ular  velocity  it  will 
luce  corresponding  evenness  of  motion  in  the  gear.  Also  that 
pinion  has  sufficimt  teeth  to  allow  the  engagement  of  sucoeesive 
b  to  overlap. 
I    At  the  beginning  of  the  first  phase,  while  the  loeid  is  carried 


3   GiAit  AMD  Pinion  roK  200-H.i>.  Tubbinb,  to  Run  at  5000  Ft.  pcb  Min. 


the  point  of  the  gear  tooth,  that  tooth  is  subjected  to  a  maximum 
ling  stress  along  its  whole  length.  During  the  first  phase,  the 
ion  of  the  pinioa  tooth  near  the  root  is  sensibly  sliding  over  the 
r  portion  of  the  gear  tooth;  that  is  to  say,  two  metallic  surfaces 
Qall  area  ore  sliding  under  heavy  compressioa. 

The  action  during  the  second  phase  more  nearly  approaches 
I  conditions.    The  teeth  are  engaged  near  their  respective  pitch 
;  and  very  little  sliding  takes  place. 
t    During  the  third  and  final  phase,  the  pinion  tooth  is  subjected 

maximum  bending  stress,  while  the  tooth  surftices  again  slide 
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over  each  other,  this  time  with  the  outer  portion  of  the  pinion  tooth 
engaging  the  gear  tooth  near  its  root. 

9  The  point  to  be  noted  is  that  while  those  portions  of  the  mating 
teeth  which  are  near  the  pitch  lines  transmit  the  load  with  rolGng 
contact,  those  which  are  more  remote  have  to  transmit  the  same  load 
with  sliding  contact.  The  inevitable  result  is  that  the  points  and 
roots  of  all  the  teeth  tend  to  wear  away  more  rapidly  than  the  por- 
tions near  the  pitch  lines,  so  that  the  involute  tooth  curves^  necessary 
to  the  preservation  even  of  angular  velocity,  lose  their  form  and  the 
motion  becomes  uneven. 

10  It  may  be  suggested  that  the  sliding  action  can  be  obviated 
by  shortening  the  teeth  so  that  they  engage  only  the  phase  of  roiling 
contact.  This  has  been  tried  with  a  certain  measure  of  success  in 
the  stub-toothed  gear,  but  it  cannot  be  carried  far  enough  without 
curtailing  the  arc  of  contact  so  that  continuity  of  engagement  is  lost, 
thereby  introducing  more  serious  trouble  than  that  which  it  is  desired 
to  avoid. 

11  Distortions  of  gear  teeth  from  involute  form,  whether  due  to 
inaccurate  cutting  or  subsequent  wear,  give  rise  to  all  kinds  of  trouble. 
The  average  angular  velocity  may  be  uniform,  and  yet  the  passage 
of  each  pinion  tooth  through  its  brief  engagement  with  the  mating 
gear  may  be  accompanied  by  successive  retardation  and  acceleration 
which,  though  small  in  itself,  takes  place  in  such  a  short  interval  of 
time  that  it  may  cause  interacting  stresses  many  times  greater  than 
the  average  working  load  on  the  teeth.  These  internal  stresses  are 
very  diflScult  to  deal  with,  because  they  are  indeterminate.  They 
cause  noise,  vibration,  crystallization  and  fracture. 

ACTION  OF  HERRINGBONE  GEARS 

12  Herringbone  gears  completely  overcome  all  these  difficulties, 
but  only  when  they  are  accurately  cut. 

13  The  writer  will  first  assume  the  accuracy  and  describe  the 
action,  afterwards  he  will  endeavor  to  show  in  the  system  undtf 
discussion  the  special  features  which  insure  the  production  of  accurate 
herringbone  gears  on  a  commercial  scale. 

14  If  we  take  two  exactly  similar  pinions  with  straight  teeth  aofl 
place  them  side  by  side  on  one  shaft,  with  the  teeth  of  one  pinion  set 
opposite  the  spaces  of  the  other,  then  we  have  what  is  known  «s  • 
stepped-tooth  pinion.  If  this  pinion  is  meshed  with  a  compo8»* 
gear  made  up  in  a  similar  manner,  the  action  is  modified  so  tiiatther* 
are  always  two  phases  of  engagement  taking  place  simultanewwj- 
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Such  gears  are  commonly  used  for  rolling-mill  work,  because  they 
stand  up  to  heavy  shocks  better  than  the  plain  type. 

15  Still  better  action  can  be  secured  by  assembling  a  number  of 
aarrow  pinions  with  the  last  of  the  series  one  pitch  in  advance  of  the 
Qrst  and  the  others  advanced  by  equal  angular  increments.  As  a 
practical  proposition,  however,  gears  made  on  these  lines  would  bo 
costly  and  dfflcult  to  produce. 

16  The  helical  gear  is  the  logical  outcome  of  the  stepped  gear 
carried  to  its  limit,  and  built  up  from  infinitely  thin  laminations. 
Since  the  steps  have  merged  into  a  helix,  there  must  be  a  normal  com- 
ponent of  the  tangential  pressure  on  the  teeth,  producing  end  thrust 
on  the  shafts.  To  obviate  end  thrust,  the  helical  teeth  are  made  right- 
hand  on  one  side  of  the  face  and  left-hand  on  the  other.  Such  gears, 
with  double  helical  teeth,  are  known  as  herringbone  gears. 

17  The  fimdamental  principle  of  the  action  of  herringbone  teeth 
lies  in  the  circumstance  that  all  phases  of  engagement  take  place  simul- 
taneously. This  holds  good  for  every  position  of  pinion  and  gear, 
provided  only  that  the  relationship  between  pitch,  face  width,  and 
spiral  angle  is  such  as  will  insure  a  complete  overlap  of  engagement. 

18  Since  all  phases  of  engagement  occur  together,  it  follows  that 
the  load  is  partly  carried  by  tooth  surfaces  in  sliding  contact  and 
partly  by  surfaces  in  rolling  contact.  The  result  is  curious  and 
interesting. 

19  Those  portions  of  the  teeth  farthest  from  the  pitch  line,  which 
engage  with  sliding  action,  tend  to  wear  away  more  rapidly  than  the 
portions  nearest  the  pitch  line.  But  the  pitch  line  portion  is  always 
carrying  part  of  the  load,  and  the  effect  of  wear  on  the  ends  of  the 
teeth  merely  tends  to  throw  more  load  on  the  center  portions;  in 
other  words  there  is  a  tendency  to  concentrate  the  load  near  the  pitch 
line8»  The  ends  of  the  teeth,  instead  of  wearing  away  to  an  ever- 
increasing  extent  from  their  original  involute  form,  are  relieved  of 
some  of  the  load  from  the  moment  that  wear  commences  to  take 
place.  As  soon  as  the  load  on  these  ends  has  been  partially  relieved 
and  transferred  to  the  middle  portion,  the  wear  becomes  equalized 
all  over  the  teeth  and  they  do  not  tend  to  distort  further  from  their 
original  shape. 

20  It  is  quite  clear  that  an  immeasurable  amount  of  wear  on  the 
tooth  ends  will  be  sufficient  to  relieve  them  of  all  the  load,  so  that 
the  distortion  from  original  form  will  be  practically  nothing.  The 
minute  extra  wear  that  does  take  place  at  the  ends  is  only  the 
amount  necessary  to  transfer  a  proportion  of  the  load  near  the 
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pitch  lines  sufficient  to  equalize  the  wear  all  over  the  surface  of  the 
teeth,  the  portions  in  sliding  contact  carrying  less  than  those  in 
rolling  contact. 

21  Thus  the  teeth  keep  their  involute  form,  and  motion  is  trans- 
mitted from  pinion  to  gear  in  a  perfectly  even  manner,  without  jtr, 
shock,  or  vibration.  Although  herringbone  teeth  may  not  be  intrina- 
cally  stronger  than  straight  teeth,  the  elimination  of  all  shock  sad 
indeterminate  internal  stresses  renders  them  capable  of  dealing  with 
far  heavier  transmitted  loads.  The  concentration  of  the  mtjor 
portion  of  the  load  on  the  parts  of  the  teeth  in  rolling  contact  elimi- 
nates friction  to  a  marked  extent. 

22  Since  all  phases  of  engagement  occur  simultaneously,  the  tnuis- 
ference  of  the  load  from  one  pinion  tooth  to  the  next  takes  |dice 
gradually  instead  of  suddenly.  This  is  the  second  principle  of  be^ 
ringbone  gearing,  and  may  be  termed  continuUy  of  action.  In  strai^t 
gears  the  continuity  of  action  is  a  fimction  of  the  number  of  teetb 
in  the  pinion.  Straight  pinions  with  less  than  twelve  teeth  are  sd- 
dom  made,  and  more  than  that  nmnber  must  be  used  if  the  drive  is 
to  be  even  moderately  satisfactory. 

23  la  herringbone  gears  continuity  depends  on  the  relationship 
between  the  face  width  and  the  nimiber  of  teeth  in  the  pinion. 
Pinions  with  as  few  as  five  teeth  have  been  used  with  success  merely  1? 
increasing  the  face  width  to  suit  such  extreme  conditions.  This 
feature,  which  is  peculiar  to  herringbone  gears,  has  made  practical 
the  adoption  of  the  extremely  high  ratios  of  reduction  hitherto  consid- 
ered impossible. 

24  The  third  principle  of  herringbone  gearing  is  that  the  beniinv 
stress  on  the  teeth  does  not  fluctuate  from  maximum  to  iftthtmitfi 
as  in  straight  gears,  hut  remains  always  near  the  mean  walue.  This 
feature  is  of  special  importance  in  rolling-mill  driving  and  work  of  a 
similar  nature. 

25  To  summarize  the  foregoing  arguments:  The  action  of  herring- 
bone gears  is  continuous  and  smooth;  there  is  no  shock  of  transfer- 
ence from  tooth  to  tooth;  the  teeth  do  not  wear  out  of  shape;  the  bend- 
ing action  of  the  load  on  the  teeth  is  less  than  with  straight  gearing 
and  does  not  fluctuate  to  anything  like  the  same  extent;  the  gears 
work  silently  and  without  vibration;  the  phenomenon  commonly 
termed  back-lash  is  absent;  friction  and  mechanical  losses  are  redueed 
to  a  minimum;  herringbone  gears  can  be  used  for  higher  ratios  and 
greater  velocities  than  any  other  kind. 

26  These  advantages  are  limited  to  gears  which  can  be  produced 
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with  a  degree  of  accuracy  which  will  insure  the  practical  realization 
of  the  principleB  involved. 

THB  PBODUCnON  OF  HSBRINGBONB  GEARS 

27  Herringbone  gears  may  be  produced  in  a  variety  of  ways  which 
diffor  from  each  other  as  widely  as  the  character  of  the  product. 
Until  a  few  years  ago  all  gears  of  this  type  were  molded.  The  limi- 
tations  of  molded  gearing  are  analogous  to  those  which  would  be 
experienced  if  a  journal  were  set  to  nm  in  a  molded  bearing.  Just 
AS  the  bearing  would  touch  the  shaft  only  in  spots^  so  molded  gears 
utterly  fail  to  give  the  intimate  contact  all  along  the  teeth  which  is 
necessary  to  secure  the  realization  of  true  helical  gear  action.  It  is 
obvious  that  if  the  teeth  touch  only  in  a  few  high  places,  they  will 
be  subjected  to  all  the  evils  of  shock,  stress,  and  inequality  of  motion 
which  it  is  desired  to  avoid.  If  the  gears  are  particularly  well  molded, 
some  mitigation  may  be  expected  when  they  become  well  worn,  but 
initial  wear  is  accompanied  by  a  departiire  from  correct  tooth  shape. 

28  For  slow  speeds  a  well-molded  helical  gear  is  no  better  than  a 
straight  gear  with  cut  teeth,  and  for  high  speeds  it  is  not  as  good. 
Thenatiiral  smoothness  of  helical  action  does  no  more  than  compen- 
sate for  the  inaccuracies  of  tooth  form  and  spacing.  The  modem 
herringbone  gear  must  have  cut  teeth  if  its  advantages  are  to  become 
real. 

29  Cut  herringbone  gears  may  be  broadly  divided  into  two  classeS; 
two-piece  and  one-piece  gears.  The  difficulty  in  the  way  of  cutting 
double  helical  teeth  in  a  single  blank  gave  rise  to  the  two-piece  variety. 
The  same  methods  of  cutting  may  be  used  for  both  kinds. 

30  The  disadvantages  of  the  two-piece  type  are  fairly  obvious. 
There  is  the  expense  of  two  complete  gears,  the  difficulty  of  assem* 
bliiig  the  gears  so  they  are  in  accurate  register  with  each  other,  and 
ttie  necessity  for  very  complete  fixing  if  they  are  to  perform  hard 
^^Tvice  without  getting  out  of  register. 

31  High  ratios,  perhaps  the  strongest  feature  of  the  one-piece 
}yv^t  Ai^  not  within  the  scope  of  the  built-up  gear,  because  the  pin- 
*<^  must  be  assembled  on  a  separate  shaft  and  the  pitch  line  must 
^  far  enough  from  the  surface  of  the  shaft  to  allow  room  for  the 
^^^eessary  bolts  or  rivets  used  in  fastening  the  two  portions  together. 

32  The  one-piece  pinion,  however,  may  be  cut  solid  with  its  shaft, 
^  that  its  pitch  diameter  need  be  but  very  little  larger  than  the  latter. 

38    The  known  methods  of  cutting  helical  gears  may  be  divided 
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into  four  classes:  (a)  milling  by  formed  disc  cutters;  (b)  milling  by 
end  mills;  (c)  generating  by  shaping  or  planing  methods;  (d)  generat- 
ing by  hobs. 

34  Milling  by  formed  disc  cutters  is  unsatisfactory  becaiue,  in 
addition  to  the  usual  errors  of  step-bynstep  division,  there  is  thediffir 
culty  of  making  the  cutters  to  the  normal  tooth  shape  with  suflSdot 
accuracy  to  insure  correct  circiunferential  shape  for  the  gears  ent. 
This  difficulty  is  increased  by  reason  of  the  fact  that  a  disc  cotter 
cannot  cut  its  own  shape  in  a  spiral  groove.  Let  it  be  noted  tlirt 
the  cutters  must  be  formed  empirically,  that  their  number  must  be 
very  large  to  meet  the  requirements  of  a  general  gear  business,  and 
that  the  accuracy  of  each  gear  turned  out  depends  on  the  oombined 
efforts  of  the  toolmaker  and  draftsman  who  produced  the  cutter. 
Worst  of  all,  two  different  cutters  must  be  used  for  a  gear  and  [unioQ. 
This  method  will  produce  indifferent  herringbone  gears  which  miy 
be  built  up  with  teeth  in  register  or  made  in  one  piece  with  stagg^ 
teeth. 

35  The  use  of  end-mills  is  open  to  all  the  objections  givon  with 
regard  to  disc  cutters,  with  the  single  exception  that  the  cutter  does 
leave  a  fair  approximation  to  its  own  shape  in  the  groove  which  it 
cuts.  The  end-mill  has  a  host  of  disadvantages  peculiar  to  itself 
which  render  it  even  less  efficient  than  the  disc  cutter  for  general  work. 
In  the  first  place,  it  is  a  small  tool  with  very  little  wearing  surface 
and  no  capacity  for  dissipating  the  heat  generated  at  its  cutting  edg^- 
The  great  variation  in  diameter  between  point  and  base  rendws  it 
difficult  to  arrive  at  a  cutting  speed  which  will  satisfy  the  conditions 
at  both  ends  of  the  cut.  When  used  for  any  but.  the  largest  pitches, 
outside  the  range  of  general  gear  practice,  the  mills  quickly  become 
clogged  with  cuttings,  overheat  and  bum.  A  burnt  end-mill,  dogged 
with  cuttingS;  produces  a  wider  groove  than  a  good  mill.  This  is 
a  fruitful  source  of  spoiled  work.  To  complete  one  fair  siaegearbr 
the  end-mill  process  requires  quite  a  number  of  cutters.  This  not 
only  makes  the  expense  heavy,  but  must  necessarily  result  in  an  inB^ 
curate  gear. 

36  Every  cutter  used  must  be  formed  to  gage  and  hardened. 
After  being  hardened,  it  will  run  out  of  true  a  little  in  most  cas^ 
thereby  cutting  a  shape  different  from  that  for  which  it  was  designeA 
In  end-mill  gears  it  is  not  merely  a  case  of  getting  accurate  conju- 
gate tooth  shapes  in  gear  and  pinion  made  with  different  cutters, 
but  the  teeth  in  a  single  gear  may  have  a  dozen  different  shapes 
The  process  is  so  slow  that  it  cannot  compete  with  other  methods 
quite  apart  from  the  dowbltwl  quality  of  the  gears  produced. 
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37  Ebid-milled  herringbone  gears  are  usually  made  in  one  piece 
with  the  teeth  joined  at  the  center.  Since  the  cutter  is  shaped  to  the 
normal  pitch,  it  follows  that,  in  changing  over  from  right  to  left-hand 
helix,  it  leaves  a  thick  wedge  in  the  center  of  the  face  that  must  be 
removed  by  a  subsequent  operation.  The  teeth  of  end-milled  her- 
ringbone gears  do  not  bear  over  the  center  portion. 

38  Generating  processes  by  the  shaping  and  planing  types,  while 
successful  for  straight-cut  gears  of  relatively  small  size,  are  not 
used  to  any  extent  for  large  diameters  or  heavy  pitches.  The  reason 
for  this  may  be  found  in  the  nature  of  such  processes.  The  gear 
blank  is  required  to  make  a  quick  angular  movement  after  each  stroke 
of  the  cutting  tool  and  to  come  to  rest  again  before  the  next  stroke. 
Such  methods  are  difficult  to  apply  to  large  gears  on  account  of  the 
inertia  of  the  gear  blank  and  its  support  and  the  consequent  difficul- 
ties of  controlling  the  short  intermittent  movements.  These  diffi- 
culties are  much  increased  when  such  methods  are  applied  to  cutting 
helical  teeth  because  the  blank  must  make  definite  and  rapid  angular 
movements  during  each  stroke  in  addition  to  the  motion  between 
strokes.  No  machine  has  been  devised  which  will  satisfactorily 
deal  with  the  problem  on  these  lines. 

39  The  bobbing  process  as  applied  to  straight-cut  gears  has 
proved  so  successful  as  to  arouse  a  storm  of  adverse  criticism  from 
those  who  are  interested  in  other  methods  of  gear  production.  It  is 
not  difficult  to  understand  why  this  process  has  sprung  into  promi- 
nence in  a  comparatively  short  time.  It  is  essentially  a  rational  proc- 
ess. The  shape  of  the  teeth  is  generated  from  spiral  hobs,  the  threads 
of  which  are  cut  to  a  plain  rack  section.  There  is  nothing  empirical 
about  a  hob;  it  is  a  straightforward  thread  cutting,  gashing  and 
relieving  proposition.  One  hob  will  cut  any  gear  or  pinion  of  one 
pitch.  This  feature  alone  eliminates  a  host  of  errors  which  are 
characteristic  of  gears  produced  by  milling  methods.  The  hob 
revolves  continuously  while  cutting,  as  does  the  gear  blank.  The 
feed  is  also  continuous.  There  are  no  cutting  and  return  strokes, 
no  intermittent  starting  and  stopping  of  gear  blanks,  as  in  other 
generating  processes.  These  features  do  not  necessarily  insure  the 
production  of  accurate  gears,  but  they  offer  greater  facilities  to  the 
designer  for  the  achievement  of  tlie  desired  result.  The  hob  is  a 
substantial  tool  with  plenty  of  wearing  and  cooling  surface,  it  can  be 
made  to  stand  up  to  very  fast  production  and  to  last  for  a  long  time. 
The  continuous  nature  of  all  motions  used  in  hobbing  a  gear  blank 
enables  this  process  to  be  used  for  the  production  of  the  heaviest 
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gears,  there  are  no  limitations  such  as  are  encountered  iit  other  proc- 
esses. The  limit  to  the  size  of  a  hobbing  machine  is  set  by  the 
dimensions  of  the  largest  gears  which  are  required  in  sufiSdentqaan- 
tities  to  pay  for  the  investment.  There  are  no  technical  lomU 
whatever. 

40  Nevertheless,  there  are  some  slight  defects  in  the  bobbing 
process  as  applied  to  the  production  of  straight-cut  spur  gean*  A 
hob  is  a  worm  thread,  and  as  such  must  have  a  spiral  angle  depea/Sag 
on  the  relationship  between  the  pitch  of  the  thread  and  the  diameiflr 
of  the  hob.  A  straight-cut  gear  has  no  spiral  angle,  hence  the  spinl 
hob  must  be  inclined,  more  or  less,  to  bring  the  cutters  in  line  witb  the 
tooth  spaces  to  be  cut.  In  order  to  cut  correct  teeth,  the  axis  of  the 
hob  should  be  perpendicular  to  the  axis  of  the  gear  blank.  In  such 
case  the  hob  will  generate  involute  teeth  if  its  threads  are  cut  to  the 
same  axial  section  as  the  straight-sided  parent  rack  for  the  requiied 
pitch.  Since  the  hob  must  be  inclined  to  cut  a  spur  gear,  the  teeth 
are  not  generated  from  the  axial  or  rack  section,  but  from  a  diagonal 
section.  The  axial  pitch  of  a  hob  for  cutting  spur  gears  is  not  the 
same  as  the  pitch  of  the  gears,  which  it  cuts.  The  normal  pitch  of 
the  hob  threads  must  be  the  same  as  the  gear  pitch. 

41  Hobs  for  cutting  straight  spur  gears  are  usually  made  of  large 
diameter  to  reduce  the  spiral  angle  and  consequent  errors  of  tooth  form 
to  a  negligible  minimum.  As  a  natural  consequence,  such  hobs  have 
only  one  thread,  while  their  large  diameter  requires  a  slow  speed  of 
rotation  to  keep  the  cutting  speed  within  proper  limits.  The  effect 
of  this  is  that  the  blank  revolves  very  slowly,  and  a  coarse  feed  must 
be  used  to  keep  up  the  output. 

42  It  is  one  of  the  peculiarities  of  hob  action  that  only  one 
tooth  of  the  hob  puts  the  finishing  touch  to  the  bottom  of  a  tooth 
space  once  in  each  revolution  of  the  gear  blank.  If  the  feed  is  coarse, 
there  will  be  noticeable  feed  marks  and  roughness  in  the  gear  teeth 
produced.  A  coarse  feed  used  with  a  hob  of  large  radius  throws  severe 
stresses  on  the  hob  arbor  and  its  supports. 

43  The  necessity  of  a  swivel  motion  on  the  hob  slide,  to  enable 
straight  spurs  to  be  cut  with  hobs  of  varying  spiral  angle,  compeb 
the  use  of  a  hob  drive  which  passes  through  the  pivot.  It  is  almost 
impossible  to  design  such  an  arrangement  without  undesirable  ^e8tIi^ 
tion  in  the  dimensions  of  driving  gears  and  shafts  combined  with 
excessive  overhang  of  the  hob  arbor  in  relation  to  its  supporting  slide. 

44  The  general  want  of  rigidity  about  most  hobbing  macbines 
used  for  the  production  of  spur  gears,  is  traceable  to  the  above  caases. 
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Rational  critics  of  the  bobbing  process  have  based  their  obiections 
on  these  features. 

45  The  bobbing  process  properly  applied  to  the  production  of 
herringbone  gears  has  none  of  the  disadvant^es  inddental  to 
its  q>plication  to  spur  gear  cutting,  which  have  been  shown  to  lie 
in  the  necessity  of  inclining  the  hob  axis.  Since  a  helical  gear  and 
a  hob  must  both  have  a  spiral  angle,  it  is  only  necessary  to  make  the 
tiiread  angle  of  the  hob  the  complement  of  the  corresponding  angle 
of  tiie  gear  teeth  to  secure  the  advantages  of  perpendicular  fixed  axes. 
These  are  of  great  practical  value.  Since  the  hob  axis  is  always  per^ 
pendicular  to  the  axis  of  the  gear  blank,  it  follows  that  the  teeth  are 
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generated  from  the  axial  and  true  rack  section  of  the  hob,  while  the 
linear  pitch  of  the  hob  is  the  same  as  the  circular  pitch  of  the  gear 
wliicb  it  cuts.  The  hob  axis  is  fixed  and  the  hob  can  be  supported 
on  a  rigid  slide  with  the  minimum  of  overhang.  There  is  no  restric- 
tion to  the  sise  and  strength  of  the  gears  and  shafts  used  to  drive  the 
hob. 

WVEST  HERRINQBONE   GlUItS 

46     It  was  explained  in  Par,  2  that  the  teeth  of  the  Wuest  gears 
tre  M>  designed  that  those  on  the  right  and  left-hand  sides  of  the 
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gear  are  stepped  half  a  space  apart  and  do  not  meet  at  a  comnuD 
apex  at  the  center  of  tlie  face,  as  in  the  usual  t>'pe  of  herringbiBie 
gear.  It  has  often  been  argued  that  the  ordinary  herringbone  loolh 
is  stronger  than  the  Wuest  tooth,  because  the  latter  lacks  the  support 
given  bythejunction  of  the  teeth  at  the  center.  This  argumentwonld 
be  sound  if  gear  teeth  were  ever  stressed  to  anywhere  near  thdr 
breaking  point.  But  it  has  been  found  in  practice  that  eonudentiou 
of  wear  so  far  outweigh  those  of  mere  breaking  strength  that  a  gur 
which  is  designed  to  give  reasonable  service  will  carry  anywhere  (rani 
ten  to  twenty  times  the  working  load  without  fracture.  A  punt 
of  vastly  greater  importance  is  that  the  stepped  form  will  wear  nun 
evenly  under  extreme  loads  than  the  ordinary  type.  The  reasoQ  fn 
this  is  shown  in  Figs.  3  and  4.  The  resultant  tooth  pressure  is  ahraj) 
normal  to  the  teeth  and  tends  to  bend  them  apart.  The  stepped 
form  offers  a  uniform  resistance  aloug  its  whole  length,  carrying  the 
load  from  end  to  end  (Fig.  3),  The  teeth  of  ordinary  herringbcuie 
gears  tend  to  separate  more  at  the  sides  than  near  the  supported 
center,  causing  the  load  to  be  concentrated  toward  the  center  (Fig.  4). 

47  Any  system  of  gearing,  if  it  is  to  be  generally  applied,  muttbe 
interchangeable.  The  variable  features  of  involute  spur  gear  teeth  in 
limited  to  the  pressure  angle,  addendum  and  dedendum.  In  a  ba- 
ringbone^ear  system,  we  must  have,  besides,  uniformity  of  spinl 
angle  and  relative  position  of  the  right  and  left-hand  teeth. 

48  The  standartls  which  have  been  adopted  for  Wuest  geus  sn 
the  result  of  experience  gained  in  Europe  during  the  last  six  yesn- 
The  spiral  angle  of  the  teeth  is  about  23  deg.  with  the  axis.  Tbe 
choice  of  this  angle  is  controlled  by  a  number  of  con^demtkMD, 
the  most  important  from  the  user's  standpoint  being  that  theaiogk 
must  be  sufficient  to  allow  the  engagement  of  successive  pioioQ  t^ 
to  overlap  within  a  reasonable  face  width.  Once  this  conditiiBi  > 
satisfied,  there  is  no  advantage  in  an  increase  of  spiral  angle,  wfaik 
there  are  disadvantages  in  the  use  of  steep  angles.  It  was  necesurfr 
before  choosing  a  definite  spiral  angle,  to  determine  what  constitata 
a  reasonable  face  vridHi  for  this  class  of  gearing. 

40 .  Sinoe  the  nature  of  the  action  eliminates  shock,  it  follovstlut 
Ifor  given  conditions  will  be  much  finer  than  von'' 

..r  gears.    On  the  other  hand,  the  face  width  will** 

I,  because  tluTC  is  as  much  necessity  for  wearing  surface  vit^ 

f  tooth  us  with  the  other.     Spur  gears  are  usually  nudt 

iqaal  to  three  or  four  times  the  pitch.    Herringbone 

ntb'  have  a  face  width  equal  to  six  times  the  piteb 
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Qot  because  the  width  of  this  type  Deed  actually  be  greater,  but  by 
reason  of  the  pitch  beiug  proportionately  less. 

50  Starting  with  a  width  equal  to  six  times  the  pitch,  and  allowing 
once  the  pitch  as  the  non-bearing  portion  in  the  center,  there  remains 
two  and  one-half  times  the  pitch  available  for  the  teeth  on  each  side. 
To  insure  continuity  of  engagement  under  all  ordinary  conditions; 
each  tooth  is  inclined  so  as  to  cover  an  advance  of  once  the  pitch 
vrithin  its  length.  The  angle  of  23  deg.  satisfies  this  requiremeut 
(see  Fig.  5).  There  are  a  few  cases  where  an  angle  less  than  23  deg. 
would  be  sufficient,  a  steeper  angle  is  only  needed  if  the  available 
Face  width  has  to  be  unduly  restricted.  Neither  of  these  extreme  con- 
ditions should  influeuce  the  choice  of  angle  for  an  interchangeable 
system  best  adapted  for  general  use. 

51  There  are  other  good  reasons  why  a  moderate  spiral  angle  is 
to  be  preferred.  In  all  spiral  gears  the  pressure  acts  in  a  direction 
normal  to  the  teeth  and  is  the  resultant  of  the  tangential  (driving) 
and  axial  pressures.  The  normal  pressure  becomes  greater  in  pro- 
portion to  the  useful  driving  pressure  as  the  spiral  angle  is  increased, 
whQe  the  available  normal  tooth  section  becomes  less  (Fig.  6).  When 
the  spiral  angle  is  sensibly  steeper  than  the  angle  of  repose  for  the 
materials  in  contact,  there  is  a  tendency  for  the  teeth  to  bind  with  a 
wedge  action.  Herringbone  gears  with  abnormally  steep  spiral  angles 
show  loss  of  efficiency  and  increased  wear  from  this  cause. 

52  The  pressure  angle  which  has  been  adopted  for  standard 
gears  is  20  deg.  The  teeth  are  shorter  than  the  usual  standards, 
with  addendiun  0.8  and  dedendum  1.0.  These  standards  of  tooth 
height  and  pressure  angle  have  been  adopted  after  S3rstematic  trials 
and  experience  extending  over  several  years  of  regular  manufacture. 
The  high  ratios  used  with  these  gears  call  for  an  average  pinion  diam- 
eter which  is  less  than  is  used  with  straight  spur-gears  for  similar 
duty.  The  teeth  are  generated  by  hobs,  and  the  short  addendum 
combined  with  wide  angle  gives  satisfactory  tooth  shapes,  without 
undercutting  of  teeth,  for  small  pinions.  Pinions  with  very  few 
teeth  are  cut  on  the  well-known  system  of  enlarged  addendum  which 
18  used  for  small  wormwheels  and  bevel  pinions.  The  teeth  are  cut 
to  diametral  pitch  standards,  measured  circumferentially  as  with 
ordinary  spur  gearing. 

53  The  dimensions  proposed  for  an  interchangeable  system  for 
theBe  gears  are  as  follows: 


HERUINOBONB  GBARS 

Tooth  Hhapo iDnhk 

Pressure  angle. ..X4|. 

Spiral  angle ni^ 


Rtcb  di  amcter  (20  teeth  and  over) 
Blank  diameter  (20  teeth  and  over) 
Pitch  diameter   (under  20  teeth)  — 


Number  of  feth 
D.P.     '  • 
Number  of  teeth  +  IJ 
D.P. 
0.96  X  Number  of  teeth  + 1 
D.P. 


Blank  diameter    (under  20  teeth)  "   -'- ^-p 

.Addendum g-p 

l^odendum gy 

Full  depth g^ 

Working  depth jj'p 

Standard  fare  n-idth  for  gears  with  pinions  of  not 
less  than  2J  Iccth 6  times  circnUr  jUA 

Face  widths  for  high  ratio  gears  with 
small  pinions C  to  12  timee  circolu  ptt^ 

51  Wlicn  a  ])iition  of  less  thirn  20  teeth  is  used  with  a  standu*' 
gear,  tlic  center  distance  must  be  slightly  increased  to  suit  the  cnlugfr 
ment  of  the  pinion.  If  it  is  desired  to  keep  the  center  distance  to  the 
standard  dimensions,  the  gear  diameter  may  be  reduced  by  the 
amount  of  the  enlargement  given  to  the  pinion.  For  example:  H 
a  pinion  of  10  teeth,  5  D.P.  is  to  mesh  with  a  gear  of  90  teeth  at  H 
in.  centers 

Pitch  diameter  of  pinion  =    ■     — j^ =  2.1  in. 

Enlargenient  over  standard  pinion  =  0.1  in. 

Pitch  diameter  of  standard  gear  -  -=-  -  18.0  in. 
5 

Iledaced  pitch  diameter  of  gear  «  18.0  —  0.1  -  17.9  in. 

.      ,.  ^              17.9  +  2.1      ,-. 
IMF  distance  =  s- —  =  10  in. 


L  Iledaced  pitc 

^k  ^^^^tkMev  distan 


;,  there  can  be  no  enlargement  or  reduction  of  tl* 
pinion  or  gear  of  given  pitch  and  number  of  ttd^ 


PSBCT  G.  DAT 


696 


3  convenient  to  assume  this  enlargement  and  reduction,  while 
g  teeth  with  long  and  short  addenda  but  standard  depth. 
i  In  these  gears  the  teeth  need  not  have  the  same  breaking 
Qgth  as  with  spur  gears  because  they  have  not  to  combat  the 
7y  and  indeterminate  stresses  which  arise  from  inequalities  of 
liar  velocity.    On  the  other  hand  it  is  necessary  to  provide  against 
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Fm.  6 
FiQ.  6    Relation  OF  Drivinq  Pbessure  TO  Anqlb  OF  Tbbtb 


1  wear.  By  using  a  finer  pitch,  each  tooth  has  less  individual 
ing  surface,  but  this  is  more  than  compensated  for  by  the  larger 
bo*  of  teeth  in  simultaneous  contact  than  with  gears  of  equal 
letanbut  coarser  pitch. 

^  In  high  ratio  gears,  using  pinions  of  exceptionally  small  diam- 
the  inteh  is  fibier  than  for  ordinary  ratios,  but  the  face  width  is 
ided  to  gyre  the  proper  wearing  surface. 

Hie  important  factor  in  determining  the  proportions  of  the 
I  b  the  relationship  between  pitch  line  velocity  and  the  per- 
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mieeible  specific  tooth  pressure;  in  other  words,  the  total  tooth  pti 
sure  divided  by  the  area  of  all  the  available  simultaneous  conta 
along  the  teeth.  Theoretically,  this  contact  has  no  ares  nnee 
should  consist  of  lines  without  breadth.  Actually,  an  area  exii 
due  to  the  elastic  compression  of  the  teeth  in  contact,  io  a  n 
similar  to  that  in  which  an  area  of  contact  exists  between  a  car  wb 
and  a  rail.  The  area  of  contact  is  indeterminate,  but  the  sp«i 
tooth  pressure  is  proportional  to  the  driving  stress  on  the  teeth. 

58    In  order  to  obtain  a  simple  rule  for  finding  the  proper  dime 
sions,  the  results  of  experience  in  the  matter  of  safe  working  ka 


I'=VBiocity 
Pia.  7    Shbakinq  Stress  in  Relation  to  Pitch-Line  Velocitt 


under  given  conditions  have  been  reduced  to  a  relationship  betwe 
pitch  line  velocity  oiid  the  shearing  stress  on  the  pitch  line  thicku 
of  an  imaginary  straight  tooth,  assuming  only  one  tooth  in  eogai 
ment  at  a  time.  The  shearing  stress  is  a  measure  of  the  specific  too 
pressure,  and  the  relitionsliip  referred  to  afTords  a  convenient  toes 
of  arriving  at  reliable  dimensions.  The  curves.  Fig.  7,  give  values 
shearing  stress  K  in  pounils  per  square  inch  on  pitch  line  section  of' 
imaginary  single  tooth  for  corresponding  pitch  line  velocities  Y 
feet  per  minute.  The  values  are  entirely  empirical,  but  tbqr  > 
based  on  the  results  of  extended  experience,  and  lead  to  diiiiau*> 
which  are  safe  and  reliable.  Different  curves  are  given  for  diffeia 
materials,  and  it  is  necessary  to  use  that  curve  which  correspoodi ' 
the  lowest  grade  material  of  the  combination.  The  dimeDOoU' 
gesn  can  be  derived  from  the  curves  in  the  following  manner: 
h.p,  ~  broke  horsepower  transmitted 
involutions  per  min. 
it  ou^le  diameter,  in. 

t  pitch  in  inches  (use  nearest  diametral  \^ 
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W  =  total  width  of  face,  in. 

V  =  pitch  line  velocity,  ft.  per  min. 

P   =  total  tooth  pressure  at  pitch  line,  lb. 

K  «  stress  factor  (from  curve) 


^~  IT  '" 

p  _  h.p.  X  33.000                                     ,„, 
^~       ~    y  ^J 

P^"-^/ (31 

(in  nonniil  g(»ars  of  mod(4'-\ 
ate  rat  o,  and  face  width  j   r^i 
equivalent  to  six  times  the  J 
circular  pitch ' 

p=\(^ f^' 

h'oT  high  ratio  gears  take  W  =  Rp(R  =  ratio  to  1)  up  to  maximum 
of  IP  =  lOp.    Then 

~5P 


P=>(l 


RK   1^1 

59  Usually  the  values  of  h.p.  and  N  are  known.  In  many  cases 
the  diameters  or  center  distances  are  fixed,  and  there  is  no  choice  of 
dimensions.  When  the  diameters  are  not  fixed  there  are  many  solu- 
tions to  the  same  problem  and  it  becomes  largely  a  matter  of  experi- 
ence which  to  select  in  order  to  obtain  the  most  economical  and  satis- 
factory gears. 

60  In  nonnal  gears  it  is  safe  to  aim  at  pitch  line  velocities  between 
1000  and  2000  ft.  per  min.  with  1500  ft.  as  a  fair  average.  If  the 
inzuon  is  to  be  fixed  to  a  motor  shaft  without  external  support,  the 
diameter  must  be  greater  than  when  it  can  be  supported  on  both  sides. 
Caat-iron  is  preferable  to  cast-steel  for  gears  of  large  diameters  and 
moderate  power,  but  the  latter  will  be  found  more  economical  for 
hig^  tooth  pressures.  Pinions  are  usually  made  from  steel  forgings  of 
0.40  to  0.50  per  cent  carbon.  Soft  pinions  should  never  be  used  for 
herringbone  gears.  Besides  being  bad  engineering  practice  they  are 
unneceesary,  because  steel  pinions  run  without  noise  and  last  much 
longer. 

61  The  following  is  a  typical  instance  of  the  range  of  choice  in 
dimensions:  A  pump  which  requires  150  h.p.  at  50  r.p.m.  is  to  be 
driven  from  a  motor  at  500  r.p.m.  with  shaft  end  4}  in.  in  diameter. 
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If  the  shaft  is  unsupported,  it  is  not  desirable  to  use  a  pimonof  ki 
than  10  in.  If  the  shaft  is  extended  to  a  third  bearing  a  7f-in.  |»moo 
can  be  used.  If  the  pinion  is  cut  solid  on  its  shaft  and  coupled  to  the 
motor,  its  diameter  can  be  reduced  to  5  in.  The  three  arrangemorti 
work  out  as  follows: 

Material 

FOR 

Gear 

A  10  in.  and  100  in Cast-iron 

B    7}in.  and    75  in Cast-iron 

C    7}in.  and    75  in CastHsteel 

D    5  in.  and    50  in.    ...  CastHSteel 

Any  of  the  above  gears  will  do  the  work  satisfactorily.  C  is  the  most 
economical,  but  B  or  D  would  make  the  least  noise.  If  a  gear  case 
is  to  be  provided  then  D  will  give  the  most  economical  combiDitioQ. 

62  The  foregoing  data  can  be  used  for  finding  the  required  dimeD- 
sions  of  herringbone  gears  for  all  general  applications.  In  most  cases 
it  is  sufiicient  to  calculate  the  tooth  pressure  from  the  average  wock- 
ing  load.  When  the  maximum  load  is  very  far  in  excess  of  the  avff- 
age,  it  is  usual  to  take  a  mean  value  between  the  two.  Gears  for 
electric  mine  hoists  and  single  throw  pumps  fall  within  this  categcwry. 
Machine  tools,  when  driven  from  variable-speed  motors,  are  required 
to  perform  maximum  duty  at  minimum  speed  only  for  short  periods 
at  long  intervals.  It  is  sufficient  when  getting  out  gears  for  a  drive 
of  this  kind  to  reckon  with  the  rated  output  of  the  motor  at  the  mew 
between  its  maximum  and  minimum  speed. 

63  There  are  two  special  cases  where  the  ordinary  methods  oi 
calculation  should  not  be  used.    Rolling-mill  gears  are  subjected  to 
stresses  which  are  so  far  in  excess  of  the  average  working  load  that  rt 
is  necessary  to  consider  carefully  the  strength  of  the  teeth  in  regard  to 
possible  overloads.    Extra  high  velocity  gears,  as  such  are  used  for 
steam  turbines,  require  additional  wearing  surface  and  are  charft^ 
terized  by  extreme  width  of  face  combined  with  abnormally  fineprtcb* 
These  are  two  extremes  in  gearing  and  their  design  is  best  left  to  tho^ 
who  have  made  a  special  study  of  them. 

64  Before  describing  some  special  applications  of  these  gears  *" 
the  needs  of  various  industries  and  machines,  it  may  be  of  service  ^ 
summarize  the  salient  features  of  the  gears  and  the  changes  of  vie^* 
point  which  these  features  have  engendered. 

65  The  smooth  and  continuous  action  is  virtually  independent  ^ 
the  diameter  or  number  of  teeth  in  the  pinion.    Extremely  high  raS^ 
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'  reduction  can  be  used  without  fear  of  imeven  driving  or  undue 
ear  and  without  need  for  unwieldy  gear  diameters  which  would  be 
q)roportionate  to  the  general  design.  High  ratio  gears  of  this 
pe  transmit  power  with  practically  no  more  loss  than  low  ratio 
tan.  They  are  far  more  e£Gicient  than  belts,  ropes,  worm-gears  or 
mpound  trains  of  spur  gearing,  while  their  adoption  results  in  a 
iiolesale  reduction  of  countershafts  and  bearings  which  reduces 
e  power  consumption  and  running  costs  to  a  remarkable  degree. 

66  There  are  many  instances  where  spur  gears  cannot  be  used 
(Cause  the  vibration  which  they  set  up  has  a  detrimental  effect  on 
e  driven  machine  or  its  product.  The  inconvenience  of  a  cumber- 
me  system  of  belts  or  ropes  has  usually  to  be  borne  in  such  cases, 
it  it  is  not  too  much  to  say  that  the  requirements  of  almost  all  of 
em  are  fully  satisfied  by  this  type  of  herringbone  gears. 

67  The  application  of  spur  gears  has  been  much  restricted  by  the 
>i8e  which  they  make  when  rim  at  high  velocities.  The  use  of  raw- 
de  or  other  soft  materials  has  proved  only  moderately  successful  for 
t&paratively  light  work  and  is  quite  imsoimd  for  heavy  gear  prac- 
e.  Herringbone  gears  in  combination  with  durable  steel  pinions 
Lke  less  noise  than  soft  pinions  and  spur  gears  when  new,  and  while 
^  former  become  quieter  with  use,  the  latter  soon  begin  to  rattle 
they  become  worn.  It  should  be  noted  that  the  use  of  soft  pinions, 
ile  mitigating  the  nuisance  of  excessive  noise,  does  not  reduce 
ration  or  imevenness  of  motion. 

(8  There  is  a  limit  to  the  pitch-line  velocities  at  which  spur  gears 
t  be  operated  beyond  which  it  is  unsafe  to  use  them.  This  limit 
ar  below  the  minimum  velocities  which  can  be  used  in  connection 
•h  steam  turbines  of  economical  design  and  high  power. 
(0  Accurate  herringbone  gears  operate  quite  smoothly  at  veloci- 
I  which  are  impossible  for  other  types.  This  feature  would  appear 
reserve  for  them  a  field  of  application  which  has  great  possibilities 
1  is  likely  to  cause  some  great  changes  in  the  standard  practice  of 
lay. 

APPUCATION  TO   STEAM   TURBINES 

70  There  are  many  instances  when  the  power  of  the  turbine  can 
more  conveniently  applied  in  mechanical  form  than  through  elec- 
cal  transmission.  The  advantages  of  high-power  turbines  have 
^  discounted  in  many  instances  by  the  necessity  for  expensive 
^rical  outfits  with  their  attendant  losses  of  generation,  distribu- 
^  and  conversion. 
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71  Direct-connected  steam  turbines  for  marine  propuUoa  hv 
been  only  partially  successful  in  a  very  limited  field.  The  aeiew  pf 
peller,  working  in  a  dense  medium,  has  an  economic  apeed  of  nUtic 
which  is  far  below  the  best  speed  for  a  steam  turbine  of  oomspaA 
power.  It  is  only  when  the  power  required  is  very  great  ind  tl 
speed  of  the  vessel  unusually  high  that  the  direct-connected  tuibil 


ft 

'f: 

Fia.  8    Geab  and  Pinion  fok  500-ii.p.  Mabinb  Tuuura 

can  be  applied,  and  even  then  the  application  does  not  do  fuU  J" 
tice  to  cither  turbine  or  propeller,  while  the  first  cost  is  mud  ^^ 
than  it  need  be.  The  use  of  direct-coupled  turbines  is  confiiM^' 
ocean  fliers  and  ships  of  war.  Ordinary  vessels  of  commerce,  wi* 
are  built  in  vastly  greater  numbers,  cannot  be  adapted  to  tiuto 
power  in  tliis  fonn,  Mr,  Parsons  attacked  the  problem  of  spptfl 
the  turbino  tu  an  ordinary  freight  steamer  of  moderate  power. 
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end  he  purchased  the  S.  S.  Vespasian,  a  modern  tramp  with  triple- 
msion  engines  of  about  1000  h.p.  and  a  speed  of  11  knots  with 
)dler  running  at  75  r.p.m.  As  a  preliminary  to  the  installation 
leared  turbines  on  this  vessel,  the  original  engines  were  over- 
led  and  tuned  up  and  a  series  of  coal  consumption  trials  made 
er  regular  sea-going  conditions. 

I  The  engines  were  then  removed  and  for  them  were  substituted 
lir  of  steam  turbines  connected  to  the  propeller  by  the  herring- 
e  gears  illustrated  in  Fig.  8.    Each  turbine  develops  about  500 

at  1500  r.p.m.  The  propeller  runs  at  the  original  speed  of  75 
tn.  Each  turbine  is  coupled  to  a  herringbone  pinion  with  teeth 
solid  on  a  shaft  of  soft-grade  chrome  nickel  steel.    The  two  pln- 

mesh  with  rolled-steel  gear  rings  mounted  on  a  cast-iron  spider 
3h  is  keyed  to  the  propeller  shaft.  The  whole  gear  system  is 
osed  in  a  case,  and  the  teeth  are  kept  lubricated  by  oil  jets.  The 
t  width  of  the  pinions  in  proportion  to  their  diameter  made  it 
ssary  to  provide  room  for  bearings  between  the  right  and  left- 
1  teeth.  The  proportions  of  this  remarkable  gear  unit  are  as 
ws:  Pinions,  20  teeth;  gear,  398  teeth,  4  diametral  pitch;  teeth  of 
lute  form,  20  deg.  pressure  angle,  23  deg.  spiral  angle;  over-all 

width,  34  in.  including  10  in.  space  for  bearing;  actual  face 
h,  24  in.;  ratio  of  reduction,  19.9  to  J. 

i  This  gear  has  now  been  running  regular  voj'^ages  for  more  than 
ar  and  has  covered  over  20,000  miles.  The  results  have  been 
"esting  and  satisfactory.  The  efficiency  of  the  gear  is  fully  98 
cent,  including  the  losses  in  the  bearings  on  the  gear  case.  The 
ed  turbine  shows  a  sustained  all-round  saving  in  fuel  consumption 
lore  than  25  per  cent  over  the  original  engines.  The  gear  runs 
1  remarkable  smoothness  and  without  noise  or  vibration.  The 
r  on  the  teeth  is  negligible  after  20,000  miles,  being  only  0.002 
.t  the  pitch  lines  of  the  pinions.  Even  this  small  wear  is  nearly  all 
eable  to  inadequate  arrangements  for  freeing  the  oil  from  grit 
ng  the  first  runs. 

I  Not  by  any  means  the  least  important  gain  is  in  the  behavior 
be  vessel  in  rough  water.  There  has  been  no  racing  of  the  pro- 
jr  under  circumstances  where  this  disagreeable  feature  was  pain- 
r  evident  with  the  original  installation.    This  is  due  to  the  high 

at  which  the  turbine  motors  store  up  energy  with  change  of 
d,  which  makes  it  impossible  for  a  large  change  to  occur  during 
time  when  the  propeller  is  partially  uncovered.  Such  a  record  as 
is  so  conclusive  that  the  use  of  geared  turbines  for  marine  pro- 
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pulsion  must  shortly,  become  general.  Herringbone-geared  tarfaiM 
aggregating  3600  h.p.  have  recently  been  fitted  to  the  U£.SJ3JIcp- 
tune  by  the  Westinghouse  Machine  Company.  The  perfonnaoee 
of  this  vessel  will  be  awaited  with  interest. 

75  Mr.  Parsons  has  made  a  successful  introduction  of  herringiMoe 
gears  in  combination  with  a  steam  turbine  for  driving  a  oontiiioii 
plate  mill.  This  is  a  proposition  which  few  engineers  would  lum 
considered  seriously,  yet  it  has  proved  a  success  from  every  point 
of  view. 


[immmmiim  immma 
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Fig.  9    Diagram  of  Geab  Connection  between  Htdbaxtlic  Tubbuw  '^ 

AN  Electbic  Genebatob 


76  The  mill  is  of  the  three-high  tjrpe  with  rolls  28  in.  by  84  in- 
running  at  70  r.p.m.  The  turbine  is  designed  for  mixed  pref58Ui«» 
running  at  2000  r.p.m.  with  exhaust  steam  at  16  lb.  absolute  or  &»* 
steam  at  60  lb.  absolute  and  giving  750  b.h.p.  The  turbine  is  ooujiw 
to  the  rolls  through  a  double  train  of  herringbone  gears.  Hie  fiff^ 
train  consists  of  a  chrome  nickel  steel  pinion,  cut  solid  on  its  shaft 
and  cast-steel  gear.  Pinion  and  gear  have  25  and  131  teeth,  3} 
diametral  pitch  by  24  in.  face.  This  train  reduces  from  2000  to 375 
r.p.m.  and  is  coupled  to  the  second  train  through  a  flexible  coupling 
The  second  train  includes  a  high  carbon  steel  pinion  of  23  teeth  ^ 
cast  steel  gear  of  127  teeth,  2  in.  circular  pitch  by  16  in.  face.  Tto 
train  reduces  from  375  to  70  r.j).:n.    The  final  gear  is  overhung  on  the 
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of  a  flywheel  shaft  22  in.  m  diameter,  which  carries  a  flywheel  of 
at  100  tons  between  two  bearings  and  is  coupled  to  the  main 
cm  through  a  pair  of  wobblers.  Both  sets  of  gearing  are  enclose(1 
asings  and  are  lubricated  by  oil  jets  from  a  pump  provided  for 
purpose.  This  mill  has  been  running  without  a  hitch  of  any  kind 
e  September  15,  1910.  The  gears  are  noiseless,  the  installation 
ws  remarkable  eflSciency,  the  rolls  run  with  extreme  smoothness 
.  the  pinions  do  not  show  appreciable  wear. 
7  The  success  of  the  geared  turbine  for  such  an  application  as  the 
described  makes  it  certain  that  similar  arrangements  can  be  used 
b  advantage  for  driving  textile  and  other  mills  where  the  conditions 
less  severe.  The  geared  tiu'bine  is  making  rapid  progress  for 
ing  direct-current  generators,  and  several  large  sets  are  now 
ling  and  in  course  of  construction. 

i  EQtherto,  it  has  been  usual  to  couple  the  tiurbine  to  a  high- 
d  alternator  and  to  convert  to  continuous  current  through  a 
yr  generator  or  rotary  converter.  The  geared  turbine  unit  costs 
money,  takes  up  less  space  and  has  an  overall  efficiency  at  least 
r  cent  better  than  the  A.C.-D.C.  combination. 
'  Geared  turbines  have  another  field  of  application  for  driving 
rifugal  pumps.  Direct  driven  units  of  this  kind  have  poor  effi- 
gy because  a  compromise  has  to  be  made  between  turbine  and 
p  speed  which  is  detrimental  to  both.  The  interposition  of  a 
^f  herringbone  gears  allows  both  ends  to  be  constructed  for  the 
est  economy,  and  since  the  loss  in  the  gears  does  not  exceed  2  or 
r  cent  there  is  a  large  all-round  gain  in  efficiency.  This  applies 
to  turbine-driven  blowers  and  fans. 

OEABED  HYDRAULIC  TUBBINBS 

>  The  speed  of  hydraulic  turbines  is  controlled  by  the  available 
I  of  water  supplied  to  them.  The  greater  number  of  turbines 
required  to  operate  imder  low  heads  and  must  run  at  slow  speed. 
iroelectric  power  has  usually  to  be  transmitted  to  a  considerable 
ince  and  is  piroduced  in  the  form  of  alternating  current  of  definite 
ddicity.  The  speed  of  the  turbines  may  be  as  low  as  50  r.p.m. 
ven  less.  A  large  direct-coupled  alternator  for  this  speed  is  an 
insive  proposition. 

.  Herringbone  gears  can  be  used  to  speed  up  from  the  slow-nm- 
turbines  to  generators  of  normal  design,  speed  and  efficiency.  The 
3th  action  of  these  gears  is  unimpaired  when  the  wheel  drives  the 
m,  and  high  ratios  of  speed  increase  can  be  obtained  from  them 
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without  noise  and  with  lees  loss  than  direct  coupled  uniti 
A  typical  installation  of  this  kind  is  outlined  in  Fig.  9.  Th 
inrnt  shows  two  sIow*speed  vertical  turbines  driving  one 
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A  liLTriiigljtinc  gear  is  mounted  on  citcli  turbine  »lmft  and 
incsli  witli  !i  pillion  wiiicli  ii^  couplod  to  the  generator. 
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^10.  13    Gkab-Drivbn  Horuontal  Puup,  Qkab  Rxtio  Ui-coV 
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ROLLING  ULU  AMD  BOD  HltLS 

82  There  are  two  advaRtages  in  the  use  of  accurate  herringboE^  ue 
gears  for  this  clans  of  worli.  The  absence  of  shock  in  transmisFi^^aon 
renders  breakages  much  less  frequent  than  with  cut  spur  or  mold—     eA 

helical  gears.     The  even  transmission  and  entire  elimination  of  vibi m- 

tion  allows  the  finishing  rolls  to  be  gear  driven  for  the  finest  wtk^^^ 
without  showing  gear  marlcs  on  the  finished  product.  HMrii=3g. 
bone-geared  mills  run  with  very  little  noise.  Tliis  may  be  ofl^Hces 
consequence  in  rolling  mills  than  in  most  other  applications,  but  ifc-  -  is 
an  improvement.    Rod  mills,  with  their  quantities  of  hi^-sp^^^ed 


Fio.  14    ELECTHih'icATioN  OP  MiNK  HoisT  PORUBBLT  Stbam  Dkive.-     "' 
gearing,  can  be  completely  transfoniicd  by  using  herringbone  f^^ears 
.^nd  mill  pinions. 

MAC  11  IN B   TOOLS 

83    The  field  for  accurate  licrringbone  gears  in  connection    "*""' 
machine  tool  driving  is  too  extended  to  be   considered    in  d.^'"^ 
For  individual  motor  drivers  this  gear  gives  a  positive  transmissm 
which  is  free  from  vibration  and  less  noisy  than  so-called  silent  chains 
or  rawhide  pinions,  while  there  is  no  trouble  from  slipping  belts  or 
slack  chains.     But  the  real  advantage  of  these  gears  lies  in  the  better 
finish  that  can  be  obtained  when  they  are  used  for  the  entire  mftin 
transmission,  and  in  the  higher  output  combined  with  reduced  mun- 
tenance  which  they  give  to  heavy  machine  tools.    Chatter  is  elimi- 
nated.   Even  the  speedingup  tothe  wheels  of  grinding  m&chtneBhii 
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Buccessfully  accompUBhed.  Reversing  gears  for  heavy  planers 
i  revelation  to  those  familiar  only  with  the  ordinary  spur  drive, 
trations  of  machine  toot  drives  are  shown  in  Figs.  10  and  11. 
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:    Electrically-driven  plunger  pumps  have  not  enjoyed  the  pop- 
ity  ihat  might  be  expected,  due  to  the  noise  and  vibration  caused 


ik.j^ 

'       "   ^^ 

U    Skui-Steil  Obak,  12-In.  Face,  12  Ft.  in  Diameter.,  for  Minb  Hoist 

i»  gearing  between  motor  and  pump  shaft.  These  objections 
obviated  hy  accurately  cut  herringbone  gears,  which  not  only 

^ent  and  vibrationless  transmission  but  admit  the  use  of  hi^ 
>  angle  reductions  with  compact  dimensions.    The  single  reduc- 

drive  has  a  much  higher  efficiency  than  the  ordiiuiry  double 
1,  quite  apart  from  the  lower  gear  losses,  because  at  least  one 
itershaft  can  be  dispensed  with.    Examples  of  such  drives  are 


in  figs.  12  and  13.  Similar  drives  ue  aueceasful  for  ur 
n  and  vacuum  pumpe  which  present  mmilar  difficulties  to  < 
ith  in  plunger  pumps. 

APtUCATlOK  TO  MINING 

'    One  of  the  features  in  the  recent  electrifications  of  the 
1  group  of  mines  on  the  South  African  Baud  is  a  train  of  ha 


Fio.  16    Typical  Hioh  Ratio  Geab  and  Pinion,  the  Latteb  W 


bone  gears  between  motor  and  drum  in  the  main  b 
hoists  are  driven  by  reversing  asynchronous  motors;  thi 
ti-rshafts  being  connected  to  the  drums  by  drag  links  fn 
crank  pins  that  were  used  wlien  the  hoists  were  run  b' 
The  arrangement  is  shown  in  diagram  in  Fig.  14. 
large  gear  made  for  mining  work. 
86    In  installations  of  this  type  there  are  no  slippi 


■y^^ 
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strains  on  the  gears  are  very  severe,  some  of  them  having  to  trann- 
3000  to  4000  h.p.  at  pitch  line  velocities  ranging  from  2000  to 

0  ft.  per  min.  The  laige  coal  mines  in  Korthiunberland,  York- 
e  and  South  Wales  are  rapidly  adopting  high-tennon  three-phase 
'ent  for  the  distribution  of  power  below  ground.    Some  very  large 

1  and  tail,  and  endless,  haulages  are  used  m  these  and  herringbone 


Pia.  17    Hiaa  Ratio  Pnup  Gbars,  Geas  0  Ft.  in  Diamiteb 

^*i  have  become  a  standard  for  this  class  of  work.  The  hoists  range 
Mm  30  h.p.  up  to  1000  h.p.  and  invariably  use  a  high  reduction  with 
'^08  which  are  sometimes  as  high  as  15  to  1.  Simplification  of 
*ign  and  saving  of  apace  ia  obtained  in  this  way,  since  ordinary  spurs 
^^Piire  a  double  train.  The  gain  inefficiency  and  the  absence  of  noise 
**  temarkable,  while  the  first  cost  of  the  whole  outfit  is  often  less 
^^  when  cheaper  gears  are  used.  The  elimination  of  all  vibration 
^tatg  crystallization  of  the  shafts  and  disintegration  of  the  insulat- 
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ing  material  in  the  motors.  These  gears  offer  the  same  advantagei 
for  endless  haulages.  A  higher  speed  motor  can  be  used  ifhm  they 
are  adopted,  while  no  more  than  two  trains  of  gears  are  required. 

87  An  application  of  especial  interest  is  for  driving  tippkn 
These  gears  for  this  purpose  have  replaced  worm  gears  because  thej 
stand  up  to  the  heavy  strains  without  excessive  wear.  The  avaflaUe 
space  for  the  gears  is  always  limited  in  such  cases.  Some  typieil 
high  ratio  gears  are  shown  in  Figs.  16  and  17. 

ELEVATORS 

88  There  are  very  few  high  buildings  in  Europe  and  the  devaion 
there  run  at  comparatively  low  speeds.  As  a  consequence,  wonn 
gears  predominate  there  for  this  class  of  work.  The  Wuest  type  of 
gear  was  brought  out  with  a  view  to  overcoming  the  losses  inseparable 
from  worm  gears  with  high  ratios.  The  needs  of  American  sky- 
scrapers have  caused  the  development  of  elevators  in  this  country  to 
run  on  different  lines,  so  that  the  popular  type  of  today  has  the  rope 
sheave  direct  connected  to  the  motor.  Needless  to  say,  the  motor 
runs  at  exceedingly  slow  speed,  usually  not  more  than  50  or  60  r.pjn. 
as  a  maximum.  Such  a  motor  is  expensive  and  inefficient.  The  sp- 
tem  of  control  is  wasteful  to  a  degree.  Field  regulation  is  out  of  the 
question,  and  the  speed  control  is  obtained  by  shunting  the  main  eo^ 
rent  through  a  resistance  so  as  to  reduce  the  volts  across  the  armature 
of  the  motor.  The  survival  of  a  type  of  machine  so  uneconomical  i» 
due  to  there  having  been  no  satisfactory  gear  system  which  would  fit 
the  peculiar  conditions.  A  number  of  elevators  are  now  being 
equipped  with  herringbone  gears.  The  motor  is  geared  to  the  sheave 
through  a  single  train  with  a  ratio  of  about  10  to  1.  The  maximum 
motor  speed  is  about  500  r.p.m.  and  the  speed  control  is  nearly  all 
obtained  by  simple  field  regulation.  The  following  advantages 
are  claimed:  The  power  consmnption  is  not  more  than  60  per  cent  of 
what  is  required  for  direct  connected  motors,  the  electrical  switch- 
gear  is  far  more  simple,  has  less  to  do  and  is  not  so  liable  to  get  out  of 
order;  the  motor  can  be  repaired  without  interfering  with  the  car  or 
its  suspension. 

The  Falk  Company,  Milwaukee,  Wis.,  have  acquired  the  sole  rights  for  tb« 
United  States  under  the  Wuest  patents  and  during  the  past  year  haf«  ^^ 
constructing  some  of  the  most  powerful  gear-cutting  machinery  in  eziit^^ 
with  a  view  to  securing  the  required  degree  of  accuracy  in  the  productioa  * 
gears  of  this  type. 
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DISCUSSION 

F.  E.  RooEBS.  The  feature  of  novelty  of  the  Wuest  lierring- 
bone  gears  to  gear  makers  and  users  in  this  country  is  the  compara- 
tively low  cost  of  their  manufacture.  By  offsetting  the  right-and  left- 
hand  spirals  one-half  the  circular  pitch,  it  is  possible  to  cut  both  spirals 
simultaneously  by  the  bobbing  process  on  a  specially  constructed 
gear  cutter  without  interference  of  the  cutters  with  the  teeth  at  the 
center.  This  obviously  has  an  important  effect  on  the  cost  of  manu- 
facture. The  principal  reason  that  the  herringbone  gear  has  not 
been  more  used  in  machine  design,  I  believe,  is  the  comparatively 
high  cost  of  production  when  made  in  the  common  manner,  that  is, 
in  two  parts  bolted  or  riveted  together.  It  is  obvious  that  a  gear  of 
a  given  diameter,  face  and  pitch  made  in  two  parts  must  cost  more 
than  an  integral  gear  of  the  same  dimensions.  Moreover,  there  is 
the  well-known  difficulty  of  cutting  a  right-hand  and  a  left-hand  spiral 
gear  so  accurately  that  when  joined  side  by  side  the  teeth  will  register 
perfectly.  Makers  of  gears  will  bear  me  out  in  the  statement  that 
while  theoretically  it  is  easy  to  make  a  right-hand  spiral  of  the  same 
degree  of  accuracy  as  a  left-hand  spiral,  or  vice  versa,  it  is  not  easy  in 
practice  to  produce  right-  and  left-hand  mates  that  can  be  so  joined 
as  to  run  in  perfect  harmony  with  another  pair  similarly  produced. 
Hence,  there  is  a  very  great  advantage  coimnerciftlly  in  being  able  by 
the  Wuest  principle  to  produce  integral  gears  having  all  the  valuable 
characteristics  of  common  herringbone  gears  with  none  of  the  dis- 
abilities due  to  differences  in  the  halves  of  each  gear. 

During  a  recent  visit  to  the  Falk  plant  in  Milwaukee,  I  found  that 
the  time  required  for  bobbing  a  Wuest  herringbone  steel  gear  of  9  ft. 
diameter  and  16-in.  face  was  about  30  hours.  This  is  an  example 
of  the  remarkable  speed  and  adaptability  of  the  method.  It  is  the 
CSeneral  opinion  among  gear  makers  that  the  bobbing  process  is 
adapted  only  to  the  smaller  gears  and  pitches,  but  in  this  plant  the 
turocess  is  applied  to  very  large  steel  gears  and  pitches  with  marked 
Qcoromy  in  time  of  cutting  as  compared  to  other  methods. 

The  action  of  a  pair  of  Wuest  gears  differs  in  ro  important  respect 
from  that  of  other  herringbone  gears  of  the  same  excellence  of  manu- 
facture. Hence,  the  principal  fact  brought  out  in  this  paper  is  the 
commercial  advantage?  of  the  system  which  has  made  the  manufacture 
of  integral  herringbone  g(»ars  rapid  and  of  low  cost. 

L.  D.  BuRLtNGAME.     It  is  ii  ciu(»sti()u  of  manufacturing  method 
as  to  how  far  a  process  of  this  cliaraotor  can  be  used  to  advantage. 
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Mr.  Day  states,  in  Par.  88,  that  high-grade  and  expensive  machinery 
is  required  to  produce  gears  by  this  process,  in  order  to  secure  the 
required  degree  of  accuracy.  That  is  partly  due  perhaps  to  the  fact 
mentioned  in  Par.  47,  which  touched  upon  the  additional  reqiure- 
ments  of  accuracy  as  follows:  "In  a  herringbone  gear  system, we 
must  have,  besides,  uniformity  of  spiral  angle  and  relative  position 
of  the  right-  and  left-hand  teeth." 

All  of  these  things  become  matters  of  manufacture,  and  we  most 
realize  that  while  the  herringbone-gear  system  has  its  advantages, 
it  has  also  its  limitations  in  these  added  requirements  of  accuracy. 
No  system  will  be  helped  by  trying  to  make  it  a  panacea  for  all  the 
ills  of  the  appliances  to  which  it  relates  or  by  trying  to  make  it  cover 
ground  that  is  perhaps  better  covered  by  other  systems.  This  sys- 
tem of  herringbone  gears  has  its  own  field,  however,  and  it  will  b^ 
useful  there  in  the  machinery  to  which  it  is  applied;  but  spedjJI 
limitations  will  develop  if  any  attempt  is  made  to  carry  it  beyond. 

The  absence  of  back-lash  is  spoken  of  in  Par.  25.  I  would  ask 
what  the  reasoning  is  by  which  this  system  is  free  from  back-Ush 
while  other  systems  have  it.  The  teeth  being  at  an  angle  a  gireKi. 
amount  of  wear  would  apparently  produce  more  back-lash  than  with 
ordinary  spur  gears.  A  satisfactory  answer  to  this  question  migl^*' 
help  clear  up  one  of  the  doubts^that  some  of^us  have  regarding  all 
that  is  claimed  for  this  system. 

F.  DeR.  Furman.  The  herringbone  gear  has  perhaps  many  po^^ 
sibilities,  but  I  think  this  paper  gives  more  credit  to  its  theoreticiJ 
action  than  it  is  really  entitled  to. 

Par.  19  speaks  of  the  tendency  to  concentrate  the  load  near  th^ 
pitch  lines  when  the  teeth  are  worn  away  at  the  tips.  This  is,  ^' 
course,  true,  but  under  these  conditions  there  will  be  concentrate*! 
an  excessive  pressure  at  the  pitch  line.  When  wear  occurs  at  th^ 
pitch  line,  the  contact  line  of  pressure  will  go  back  again  to  the  tip^ 
of  the  teeth  and  will  remain  there  until  they  wear  down,  when  tb^" 
pressure  will  again  be  localized  at  the  pitch  line.  The  advantage  here, 
as  explained,  occurs  only  when  the  ends  of  the  teeth  are  worn  off. 

Par.  22  states,  "Since  all  phases  of  engagement  occur  simulta- 
neously, the  transference  of  the  load  from  one  pinion  tooth  to  the 
next,  takes  place  gradually  instead  of  suddenly. "  That  is  true  but 
it  depends  upon  the  teeth  keeping  their  true  form. 

To  obtain  the  advantage  mentioned  in  Par.  19,  it  is  necessary  th** 
the  teeth  be  worn  from  their  true  form  at  the  tips;  to  obtain  tw 
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advantage  mentioned  in  Par.  22,  |  it  is  necessary  that  no  wear  at  all 
take  place  at  the  tips.  It  will  be  obvious  that  these  two  advan- 
tages cannot  be  obtained  at  the  same  time. 

In  Par.  24  the  writer  sa3rs:  ''The  third  principle  of  herringbone 
gears  is  that  the  bending  stress  on  teeth  does  not  fluctuate  from  maxi- 
mum to  minimum  as  in  straight  gears,  but  remains  always  near  the 
mean  value.''  That  is  going  back  again  to  the  pressure  contact  at 
the  centers  of  the  teeth.  When  the  centers  of  the  teeth  wear  away 
the  pressmre  caiising  bending  stress  falls  again  on  the  tips  of  the  teeth 
io  that  the  advantage  here  mentioned  is  a  fluctuating  one  and  will 
be  more  decided  as  the  tips  of  the  teeth  wear  away. 

It  seems  to  me  that  theoretically  there  is  always  one  advantage 

present,  whether  the  tooth  is  a  perfect  form  for  its  entire  length,  or 

irtiether  it  is  worn  off  at  the  tip;  but  all  the  advantages  claimed  are 

never  present  at  any  one  time.    There  is  only  one  theoretically  correct 

form  of  gear  wheels  that  will  transmit  rotation  with  pure  rolling  contact 

without  any  sliding,  and  that  can  be  obtained  with  the  herringbone 

gear  if  cut,  as  was  once  said,  absolutely  true  in  the  first  place  and  the 

tips  of  the  teeth  on  each  wheel  filed  off;  then  there  will  always  be 

pure  rolling  and  the  point  of  contact  will  alwa3rs  be  on  the  line  of 

centers  at  the  pitch  point.    That  is  the  ideal,  but  the  great  objection 

to  it  is  that  it  causes  concentrated  pressure  and  wear  on  the  tooth 

surface  at  the  pitch  line. 

W.  C.  Bbown.  I  think  I  was  the  first  to  use  these  gears  in 
America  and,  so  far  as  I  know,  the  only  one  to  use  the  arrangement 
mnilar  to  Fig.  9,  the  difference  being  that  I  used  only  one  wheel 
and  drove  a  turbine  pump  instead  of  a  generator.  The  ratio  is  eight 
to  one,  the  speed  of  the  turbine  wheel  being  80  r.p.m.,  and  that  of 
tlie  pump  640  r.p.m.  The  horsepower  transmitted  is  350.  The 
wheels  were  cut  in  England  on  the  first  Wuest  machine  before  Mr. 
Day  had  constructed  the  improved  machine,  but  they  were  not  very 
well  cut.  We  put  in  micrometer  adjustments  for  the  purpose  of 
keeping  them  in  a  perfectly  horizontal  plane,  but  even  then  they 
were  quite  noisy.  Mr.  Day  very  kindly  came  to  our  assistance  and 
explained  that  it  would  be  necessary  for  us  to  float  the  pinion.  We 
did  thb,  so  that  it  could  find  its  own  plane,  using  a  spring  for  end 
eounterbalance,  and  since  that  time  the  gears  have  been  running 
Tery  well. 

Hese  gears  are  not  quite  silent,  but  it  is  possible  to  hold  ordinary 
conversation  in  the  room  while  the  machine  is  in  operation,  and  I 
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think,  if  the  gears  were  as  accurately  cut  as  they  could  be  on  the  new 
machine  there  would  be  practically  no  noise.  They  have  been  in 
operation  now  about  a  year  and  a  half  and  we  have  had  no  trouble. 

The  Authob.  In  order  to  answer  Mr.  Burlingame's  inquiry  as  to 
why  the  herringbone  gear  system  is  free  from  back-lash,  it  is  neoeB^ 
sary  to  arrive  at  some  agreement  regarding  the  use  of  this  tenn. 
Some  confusion  appears  to  exist  between  running  clearance  vA 
back-lash. 

A  certain  amoimt  of  freedom  is  always  desirable  between  the  teedi 
of  a  driving  pinion  and  driven  gear  no  matter  whether  the  teeth  m 
helical  or  straight.  What  constitutes  a  reasonable  minimum  of  clear- 
ance in  a  new  set  of  gears  depends,  to  a  great  extent,  on  the  accural 
with  which  the  teeth  are  cut;  but  this  initial  clearance  is  not  in^xv- 
tant  because  it  must  necessarily  increase  as  the  teeth  become  von 
by  use. 

Back-lash,  in  the  writer's  opinion,  is  not  to  be  confused  with  run- 
ning clearance,  but  is  rather  the  effect  of  this  clearance  in  combinatioii 
with  the  small,  but  rapid  variations  in  angular  velocity  which  are 
well  known  to  occur  between  a  worn  spur  gear  and  pinion.  This 
effect  is  most  objectionable  when  spur  pinions  with  few  teeth  are 
used;  it  is  the  root  of  nearly  all  gear  troubles  and  the  reason  ^ 
spur  gears  are  unsuitable  for  high  velocities  and  high  ratios  of  re- 
duction. A  small  spur  pinion  drives  a  gear  with  a  series  of  impulses 
or  blows,  and  the  side  clearance  between  the  teeth  allows  the  inevitr 
able  recoil  to  produce  a  chattering  effect.  It  is  this  effect  which 
should  be  defined  as  back-lash.  With  a  properly  constructed  herring- 
bone gear  and  pinion  the  latter  drives  with  a  steady  and  even  pressure 
^vithout  any  chatter,  hence  there  is  nothing  in  the  action  of  these 
gears  which  can  be  defined  as  back-lash,  if  the  writer  imderstands 
the  term  correctly. 

The  writer  recently  witnessed  some  trials  of  a  Wuest  gear  and  pvoion 
connecting  a  steam  turbine  and  generator.  The  load  was  approx- 
imately 300  h.p.  at  a  pitch  line  velocity  of  5600  ft.  per  minute.  1^ 
pinion  had  21  teeth  and  both  shafts  were  mounted  in  rigid  bearings- 
There  was  no  vibration  noticeable  under  these  conditions,  >'et  the 
amount  of  running  clearance  allowed  was  more  than  usual,  in  antici- 
pation that  the  gears  would  get  warm  and  expand. 

Professor  Furman  has  spoken  of  unstable  conditions  as  r^pJ^ 
the  concentration  of  tooth  pressure  and  consequent  wear  on  the  t«eth. 
No  such  difficulties  have  come  under  the  writer's  notice  during  seven 
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*&'  dose  observation  of  herriogboDe  gears  working  under  the  most 

ed  conditions. 

lien  herringbone  gears  are  new  the  uniform  distribution  of  the 

.  over  the  whole  working  tooth  surface  causes  more  wear  at  the 

If  where  the  sliding  is  greatest,  than  near  the  pitch  lines,  where 

sliding  is  least. 

he  consequent  wear  that  takes  place  does  not  concentrate  all  the 

.  at  the  pitch  line,  but  merely  redistributes  the  load  so  that  each 

ion  of  every  tooth  carries  just  as  much  in  proportion  to  the  slid- 

bhat  takes  place  as  is  needed  to  equalize  the  subsequent  wear  over 

whole  tooth  surface.    This  condition,  when  once  established,  is 

le  and  there  appears  to  be  no  reason  why  any  further  change  of 

h  shape  should  take  place. 

he  total  change  from  the  original  tooth  shape  is  so  small  that  the 

^rence  is  practically  immeasurable,  assuming  the  teeth  to  be 

i  involutes  in  the  first  instance. 

.  is  the  writer's  practice  to  age  all  new  gears  artificially  by  run- 

them  together  with  a  fine  abrasive  after  they  leave  the  cutting 

hines.    This  method  could  not  be  so  successful  as  it  has  proved 

!8S  the  conditions  were  substantially  as  described. 

he  writer's  remarks  on  bending  stress  in  Par.  24  refer  only  in  part 

he  load  concentration  near  the  pitch  line. 

"he  maximum  bending  moment  is  there  referred  to  as  the  average 

one  tooth  as  a  whole,  and  takes  into  account  that  different  portions 

he  tooth  are  in  different  phases  of  engagement  and  are  loaded  at 

ymg  distances  from  the  base. 
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TOPICAL  DISCUSSION  ON  CEMENT 

MANUFACTURE 

At  the  Annual  Meeting,  December  1911,  a  session  was  devoted  to 
a  topical  discussion  on  Cement  Manufacture.  Abstracts  of  the 
principal  papers  and  discussions  are  given  herewith. 

THE  DUST  PROBLEM  IN  PORTLAND  CEMENT  PLANTS 

AND  ITS  SOLUTION 

By  OttoSchott,*  New  York 
Non-Member 

There  are  few  branches  of  industry  that  can  vie  with  that  of  Port- 
land cement  manufacture  in  the  production  of  dust.     Cement  fac- 
tories working  with  the  wet  or  half-wet  process  are  an  exception  to 
^Ms,  since  dust  from  drying  and  grinding  the  raw  materials  and  in 
burning  the  clinkers  is  not  encountered.    There  are  many  sources  of 
dust  with  the  wet  process  in  common  with  the  dry,  such  as  the  drying 
and  grinding  of  the  coal,  the  grinding  of  the  cylinders  and  the  packing 
P*^  the  cement.     In  any  case,  the  dust-eliminating  question  presents 
»^lf  as  an  urgent  problem.    The  dust  collector  has  become  a  neces- 
^^^y  for  any  cement  plant.    But  little  exp)erience  having  been  so  far 
K^thered  in  America  in  this  particular  respect,  the  explanations  in 
^his  paper  will  be  based  on  the  experiments  and  exp)eriences  of  Ger- 
^^n  cement  factories,  in  which  such  devices  have  been  in  operation 
*^i*  a  long  time. 

^Consulting  Engineer,  Fifth  Avenue  BIdg. 


Presented  at  the  Annual  Meeting  1911,  of  The  American  Society  of 
Mechanical  Enqinbers.  The  complete  report  may  be  consulted  in  the  rooms 
o!  the  Society. 
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§ 

Two  points  to  be  considered  are: 

a  Dust-eliminating  contrivances  for  depositing  or  besting 
down  the  dust  originated  in  grinding,  packing  and  con- 
veying the  materials  when  the  temperature  of  the  dusl- 
filled  air  is  normal. 

h  Removal  of  the  dust  from  the  waste  gases  of  the  dr^ 
drums  and  kilns,  a  more  difficult  problem  owing  to  the 
high  temperature  and  to  the  aqueous  vapors  contained 
m  the  gases. 

DUST-ELIMINATING  DEVICES 

With  the  dust-eliminating  devices  first  referred  to,  it  is  essential 
that  the  mills  and  conveying  contrivances  causing  the  dust  be  cov- 
ered or  jacketed  as  tightly  as  possible.  It  is  furthermore  of  peat 
importance  to  withdraw  the  dust  immediately  at  the  place  of  ori(i;in, 
hence  to  connect  the  mills  and  other  contrivances  directly  with  the 
exhauster  destined  to  remove  the  dust-saturated  air  by  suction,  in- 
stead of  allowing  the  dust  first  to  penetrate  to  the  outside  and  then 
attempting  to  cleanse  the  space  saturated  with  the  dust. 

Every  dust-eliminating  plant  consists  in  general  of  three  prii*" 
cipal  parts,  viz.,  the  exhauster,  the  dust  separator  and  the  pipe  con- 
duits. Absolutely  indispensable  for  every  such  plant  is  the  exhausts* 
which  serves  to  remove  by  suction  the  dust-saturated  air  from  tl»* 
dust  sources  and  to  conduct  the  same  to  the  dust  separator;  ther^^ 
fore  the  construction  of  this  machine  requires  particular  discrimin^" 
tion  and  care.  Its  volumetrical  and  mechanical  efficiency  and  cap^' 
city  must  be  as  high  as  feasible,  i.  e.,  it  must  be  so  constructed  as 
remove  by  suction  a  quantity  of  air  with  the  least  possible  consiim] 
tion  of  power.  The  proper  shape  of  the  air  wings  and  of  the  casing? 
are  in  this  device  of  the  greatest  consequence.  The  casings  have  *.^ 
be  so  constructed  as  to  permit  the  air  to  leave  without  any  resistance*? 
i.  e.,  without  any  concussions  or  shocks. 

The  width  of  the  suction  aperture  of  the  exhauster  is  dependeO^ 
on  the  requisite  working  result  relative  to  the  air,  multiplied  by  tb* 
degree  of  depression.  Greater  air  actuating  work  and  smaller  depw^' 
sion  necessitate  a  wide  suction  aperture,  and  vice  versa.  Considerii*^ 
the  great  number  of  revolutions  in  the  exhausters,  reversible  rira^ 
lubricated  bearings  are  the  most  advantageous. 

For  cleansing  the  dust-saturated  air  dra^vn  through  the  exhau5t^ 
by  suction  there  are  three  technical  methods  in  use:  (a)  diminution 
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le  velocity  of  the  air;  (b)  filtration  of  the  air  through  jute  filters; 
elimination  by  centrifugal  force. 

^th  the  first  method  mentioned  of  removing  the  dust,  the  dust- 
irated  air  is  led  into  large  chambers  and  thereby  undergoes  a 
inution  of  speed  proportionate  to  the  cross-section  of  the  cham- 

Consequently  a  large  portion  of  the  dust  is  deposited  on  the 
torn  of  the  chamber.  In  order  to  produce  satisfactory  results,  such 
mbers  must  have  relatively  considerable  dimensions.  It  is  not 
cult  to  free  small  mills  from  dust  by  this  contrivance,  but  for 
;er  plants  the  requisite  dimensions  must  increase  according  to  the 
d  power  of  the  size  of  the  plant.  In  Europe,  where  the  cement 
istry  dates  rather  far  back  and  where  the  rotary  kilns  were  taken 
Q  America,  the  spaces  enclosed  by  the  now  disused  ring  kilns  are 
ably  utilized  as  dust  chambers,  being  sufficiently  spacious  for  that 
3ose.  The  dust  falling  to  the  bottom  of  the  chamber  is  removed 
»matically  by  a  screw,  spiral  or  chain  conveyor.  The  separation 
ust  may  be  increased  by  constructing  baffle  works  in  the  cham- 
which  causes  contact  or  friction  with  the  air.  Sometimes  we 
objects  of  resistance  in  the  shape  of  wire-netting  stands  or  hemp 
18  suspended  in  the  chambers,  such  devices  causing  the  dust 
to  adhere  to  them  and  then  drop  to  the  bottom  of  the  chamber, 
greater  portion  of  the  dust  may  be  deposited  by  the  aid  of  such 

chambers,  but  a  certain  amount  of  dust  will  alwa3rs  be  taken 
g  with  the  air  escaping  from  the  chambers. 
L  a  consideration  of  the  dust  filter,  the  device  most  used  for  the 
ration  or  elimination  of  dust,  two  principles  are  involved:  (a) 
exhauster  is  inserted  between  the  source  of  dust  and  the  filters 
s  to  cause  the  dust-saturated  air  to  be  pressed  into  the  filter; 
b)  the  exhauster  is  arranged  behind  the  filter  and  draws  the 
r-saturated  air  from  the  mill  through  the  filter.  The  latter  con- 
ction  has  found  great  favor  in  Germany  as  made  by  the  firm  of 
1  at  Luebeck. 

his  dust  collector  consists  of  a  number  of  separate  sections  of 
5  through  which  the  dust-charged  air  is  drawn  by  suction.  The 
!^  adheres  to  the  interior  surface  of  the  hose  while  the  cleansed  air 
lowed  to  escape  to  the  outside.  In  order  to  remove  the  dust  from 
apparatus  the  different  hose  are  knocked  out  alternately  and 
Ufts  at  regular  intervals  of  time,  by  means  of  an  ingenious  mech- 
nx.  The  sucking  action  of  the  exhausters  is  suspended  tempo- 
y  for  these  hose  or  sleeves  by  the  automatic  reversion  of  a  flap  or 
e  provided  in  the  suction  trunk.    At  the  same  instant  the  sleeves 
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are  freed  from  the  dust  by  repeated  rabing  and  sudden  dropping. 
Besides  this  the  atmospheric  air  flowing  in  under  high  presmire  and 
entering  the  interior  from  the  outside  through  the  casings  of  the 
sleeves  cleanses  the  latter  completely.  While  part  of  the  deeves  ire 
thus  being  cleansed  the  exhauster  draws  the  dust-saturated  ur  hj 
suction  through  the  rest  of  the  sleeve  sets.  Thus  no  int^mptkn 
takes  place  and  the  dropping  dust  is  carried  away  by  a  screw  eoo- 
veyor.  To  give  an  idea  of  the  extensive  application  of  these  ioA- 
eliminating  plants,  it  may  be  stated  that  20,000  sleeves  with  1,600,000 
sq.  ft.  of  surface  are  in  operation. 

There  are  other  apparatus  also,  constructed  on  a  different  jnincipk, 
whereby  the  air  is  not  drawn  by  suction  through  the  filters,  bat  ii 
pressed  in. 

The  third  method  of  eliminating  the  dust  is  based  on  the  utilintioii 
of  centrifugal  force  in  the  shape  of  so-called  cyclones.  The  duet- 
charged  air  is  blown  tangentially  into  a  cylindrical  sheet-metal 
receptacle.  The  coarser  parts  are  thereby  flung  upon  the  sides  and 
fall  out  below  at  the  conically  shaped  point  of  the  cyclone.  The 
author  does  not  hold  a  high  opinion  of  the  cyclones  who^  th^ 
are  to  serve  for  the  elimination  of  dust  from  milling  or  packing 
plants.  This  opinion  is  based  on  observations  of  such  a  plant  in  an 
American  cement  factory.  The  finest  dust  is  not  separated,  but  is 
whirled  with  the  air  current  leaving  the  cyclone,  into  the  outside  air. 

REMOVAL   OF   DUST   FROM   WASTE   OASES 

The  dust-eliminating  apparatus  so  far  described  is  applied  in  the 

removal  of  air  by  suction  at  a  normal  temperature  in  raw  milbj 

cement  mills  and  in  the  removal  of  dust  from  conveying  and  packinf 

contrivances.    The  apparatus  may  also  be  employed  for  the  removal 

of  the  dust  from  the  drying  drums  for  raw  material  and  coal,  b 

these  cases,  however,  two  things  have  to  be  taken  into  account: 

a  The  workman  attending  to  the  drying  dnun  must  keep  the 

temperature  of  the  escaping  vapors  high  enough  to  pr^ 

vent  the  steam  therein  from  undergoing  condensation) 

he  has  at  'the  same  time  to  take  care  that  the  exhaust 

vapors  always  contain  sufficient  steam  and  are  not  so  bot 

as  to  bum  or  scald  the  filters. 

b  The  casings  enclosing  the  filters  have  to  be  made  from  she^ 

iron  so  that  in  the  ciuse  of  an  ignition  of  the  filters  thefif* 

is  prevented  from  spreading. 
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X)  such  ignitions  have  come  under  the  writer's  observation, 
X)  demonstrate  how  carefully  these  things  should  be  observed, 
>f  the  cases  will  be  related.  A  '^  Perfection"  apparatus  was  in- 
d  for  the  coal  mill,  which  had  been  placed  out  of  operation  from 
"day  until  Monday  and  the  dust-cleansing  apparatus  had  been 
lut  of  conmiission  at  the  same  time.  The  coal  dust  adhering  to 
ret  uncleansed  filters  set  the  whole  apparatus  on  fire  by  spon- 
lus  ignition  and  caused  a  considerable  conflagration.  If  the 
sing  apparatus  had  been  caused  to  make  only  one  more  revolu- 
80  that  all  the  filter  sleeves  would  have  been  knocked  out,  this 
ould  not  have  originated. 

oilar  things  may  occur  when  the  waste  gases  of  the  drying 
18  are  conducted  at  too  high  a  temperature  through  the  filter 
BS.  This  may,  however,  be  obviated  by  causing  cold  air  from 
ree  space  to  be  drawn  by  suction  at  the  same  time,  prior  to  the 
nee  of  the  hot  gases,  into  the  filtering  sleeves,  thereby  decreasing 
^mperature.  It  goes  without  saying  that  in  that  case  the  filtering 
ce  must  be  so  much  larger  according  to  the  quantity  of  the  cold 
itroduced. 

e  greatest  surety  in  freeing  the  heated  drying  drum  vapors 
dust  can  be  attained  by  a  dust  chamber,  which,  however,  must 
ill  insulated  in  order  to  obviate  the  condensation  of  the  steam, 
ese  dust  chambers,  however,  have  to  be  very  large,  otherwise 

will  always  be  some  fine  dust  carried  along;  and  on  the  other 
,  the  cyclones,  which  in  other  respects  would  suitably  serve 
eated  vapors,  fail  to  give  satisfactory  results.  The  purification 
le  gases,  therefore,  from  the  drying  drums  has  been  variously 
ied  and  introduced  in  Europe  by  water  or  steam  diffusion, 
ist  elimination  by  the  wet  process  will  be  applicable  wherever 
ient  water  is  available  and  where  the  slurry  can  be  used.  Such 
3paratus  for  the  freeing  of  the  drying  drums  from  dust  has  been 
)eration  in  Germany  in  two  of  the  plants  of  the  company  with 
b  the  author  was  connected.  The  construction  which  has 
ed  the  better  and  more  efficient  convsiats  of  sheet-metal  tubes 
serpentine  fashion,  at  one  side  of  which  the  dust  enters/together 

the  vapors,  while  at  the  other  side  they  escape  in  a  purified 
ition  into  the  free  air.  In  the  interior  of  the  sheet-metal  tube 
red  to,  there  are  water  nozzles  rigidly  attached,  which  serve 
>ray  incessantly  finely  diffused  water  into  the  rising  vapors, 
dust  deposited  in  the  .shape  of  slurry  flows  into  a  receptacle  or 
voir  provided  underneath  the  apparatus  and  is  carried  uni- 
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formly  by  a  pump  to  the  mixing  worms,  which  serve  to  feed  the  nw 
meal  to  the  kilns,  being  thus  burned  at  the  same  time  with  the  nw 
meal.  The  consumption  of  water  of  such  a  separator  amounts  to 
about  22  gal.  per  min.  The  slurry  pump  has  a  capacity  of  30  pi. 
per  min.  The  ventilator  that  draws  the  gases  through  the  serpentiDit- 
shaped  tube  needs  but  4  or  5  h.p.  for  its  operation.  This  appanta, 
which  was  invented  at  a  German  machine  factory,  works  excdlentlj, 
provided  the  water  nozzles  are  cleansed  once  a  week. 

In  France  a  spraying  system  is  employed  with  success,  coDstnicld. 
as  follows:  The  hot  waste  gases  enter  through  a  narrow  tube  boait 
below  into  a  wider  tube,  in  which  ringnshaped  cells  are  provided, 
in  order  to  diffuse  the  gases  as  much  as  possible  over  the  croBS-flectko. 
of  the  tube,  thereby  preventing  them  from  flowing  merely  througb. 
the  tube  in  the  centre.  At  various  places  in  the  interior  of  the  tobe 
there  are  water  sprays  which  are  so  fitted  with  small  apertures  or 
perforations  as  to  cause  the  water  to  be  diffused  funnel  fashion  in 
all  directions.  The  water  that  has  been  formed  can  run  off  throu|^ 
a  laterally  disposed  pipe. 

ELIMINATION  OP  DUST  FROM  ROTARY  KILNS 

Elimination  of  dust  from  rotary  kilns  is  particularly  difficult  ii^ 
America,  because,  in  contradistinction  to  the  European  fashion.^ 
individual  stacks  of  but  little  height  are  in  use.  On  the  other  side  » 
whole  row  of  kilns  is  served  by  a  brick  smoke  stack  of  about  200  tc 
300  ft.  The  author  fails  to  see  any  advantage  in  the  use  of  individii^ 
stacks.  On  the  contrary,  he  is  of  the  opinion  that  there  are  a  numl^^^ 
of  reasons  why  the  high  brick  stacks  should  be  given  decided  prrfesX*- 
ence. 

The  most  simple  contrivance  for  the  elimination  of  the  dust  fro^* 
the  kilns  is  the  dust  chamber  with  automatic  emptying  device.  I** 
this  case,  however,  the  dust  chamber  is  an  absolute  necessity,  cv^** 
if  other  contrivances  for  the  purification  of  the  kiln  vapors  fromdu^ 
are  employed.     In  the  chambers  sieve  walls  are  preferably  arrani5P*' 
to  which  the  dust  adheres.    An  attempt  has  been  made  to  purfT 
the  waste  vapors  through  filters  and  for  this  purpose  particularly 
filtering  sleeves  have  been  produced  from  incombustible  asbestos 
fiber  material,  but  this  mode  has  not  proved  a  success.    CombiD^ 
tions  of  dust  chamber  and  certain  after-cleansing  apparatus  have 
therpfore  been  constructed.     In  these  combined  devices  the  vapw^ 
proceed  through  a  dust  chamber  which  is  fitted  with  rocking  or  shock 
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sides  and  in  which  a  great  portion  of  the  fl3dng  dust  forced  along  is 
separated.  In  the  rear  of  the  dust  chamber  two  water-dust  depos- 
itors are  provided,  into  which  the  vapors  are  uniformly  distributed. 

In  order  to  render  the  deposit  of  dust  in  the  dust  chambers  more 
efficacious,  special  depositors  for  the  flying  ashes  have  recently  been 
constructed  and  patented.  They  are  placed  in  the  cross-section 
of  the  chamber  and  compel  the  smoke  vapors  to  undergo  a  contin- 
uous change  of  direction  when  passing  through  the  chamber.  These 
depositors  consist  of  pocket-like  pieces  of  sheet  metal  which  are 
disposed  within  the  dust  chamber. 

These  devices  are  in  most  cases  sufficient  when  applied  in  connec- 
tion with  the  high  European  smoke  stacks.  The  very  small  amount 
of  dust  that  is  still  forced  along  is  carried  away  to  great  distances 
and  is  not  observable  in  the  vicinity  of  the  factory. 

ECONOMY  OP  DUST  ELIMINATION 

In  order  to  demonstrate  that  enormous  quantities  of  cement  may 
be  saved  by  the  dust  elimination  in  cement  and  raw  mills,  the  fol- 
lowing example  from  practical  experience  is  given:  The  plants  of 
the  works  referred  to  are  fitted  with  Beth's  sleeve  filters  with 
which  daily  experiments  and  tests  were  made.  This  factory  has 
a  daily  production  of  1000  bbl.  In  one  day,  i.  e.,  in  23  hours,, 3800 
kg.,  or  166  kg.  per  hr.,  of  cement  was  collected.  As  conditions  are  in 
Germany,  where  100  kg.  of  cement  cost  about  75  cents,  the  daily  gain 
is  approximately  $28.50.  In  the  raw  mill  about  2000  kg.  of  meal  are 
collected,  representing  a  value  of  about  $6.  Hence  the  daily  saving 
amoimts  to  about  $34.50,  or  $10,350  per  year,  reckoned  as  300  days. 

The  dust-eliminating  plant  for  this  factory  had  involved  an  ex- 
penditure of  $4500.  For  power,  the  annual  outlay  amounted  to 
S750,  and  about  $250  was  expended  for  repairs.  The  expense  of  the 
plant  therefore  was  covered  by  the  savings  in  about  6  months.  The 
quantities  of  dust  that  are  regained  in  a  dry  state  by  the  applica- 
tion of  the  dust  filters  amount  to  from  2  to  4  per  cent  of  the  entire 
output. 

These  results  were  produced  in  a  Silesian  factory  by  the  aid  of 
Beth's  ffiters.  A  second  instance  of  the  practical  working  of  a  slag 
cement  factory  is  one  in  which  dust  filters  from  the  works  of  Simon 
Buehler  and  Baumann  are  in  operation  most  successfully.  In 
this  factory  which  has  an  output  of  16,500  tons,  a  yearly  saving  of 
495  tons  was  effected  in  cement  meal  alone,  by  meaiLs  of  the  filters. 
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which,  at  the  rate  of  $4.50,  amounts  to  $2250.    This  quantity  o( 
recovered  material  would  otherwise  have  been  waste  material. 

The  gain  that  is  open  to  proof  is  thus  demonstrated  in  black  and 
white.  But  a  gain  of  at  least  the  same  value  is  involved  in  variou 
other  circumstances,  which  with  a  rationally  applied  dust-eliminatiDg 
plant,  o£fer  considerable  economical  advantages. 

Above  all,  it  must  be  mentioned  that  the  working  power  of  the 
mills  will  be  perceptibly  increased  if  the  heat  produced  by  the'disin- 
tegration  of  the  never  entirely  dry  limestone,  cement  clinker  and 
steam  is  carried  away. 

Furthermore,  by  dust  elimination  the  depositing  of  the  dust  on 
the  machinery  is  avoided,  whereby  the  wear  and  tear  of  the  sune 
is  considerably  reduced.  It  is  the  cement  meal  rather  than  the  nw 
meal  that  produces  wear  on  the  rotating  machine  parts,  in  the  man- 
ner of  emery,  more  particularly  when  it  has  access  to  bearingis  which 
can  never  be  so  protected  as  to  be  entirely  dust  tight.  There  is  not 
the  least  doubt  that  the  superintendence  and  the  tending  of  the 
machine  plant  are  also  materially  facilitated  in  avoiding  such  dis- 
turbances. 

In  conclusion,  it  may  be  mentioned  that  the  health  and  life  of  the 
laborers  working  in  cement  factories  speak  forcibly  for  the  intro- 
duction of  dust-eliminating  plants,  while  they  oflFer  in  addition  the 
advantage  of  obtaining  steady  and  more  cheerful  workers. 

CONFIRMATION     OF    THE     ADVANTAGES     OF    ELEC- 
TRICITY TO  THE  CEMENT  MANUFACTURERS 

Bt  J.  Benton  Porter,^  Philadelphia,  Pa. 

Non-Member 

The  process  of  manufacturing  cement  has  in  a  comparatively  shor 
time  made  important  advances  both  with  regard  to  greater  freedom 
in  the  choice  of  location  for  the  plant,  and  in  the  size  of  the  pb&^i 
so  that  plants  having  a  capacity  of  less  than  2000  bbl.  per  day  ^ 
now  the  exception.  Electricity,  although  practically  used  only  su^ 
1900,  has  played  an  important  part  in  this  development,  and  there 
are  comparatively  few  plants  that  do  not  use  electric  motors  <» 
at  least  part  of  their  equipment,  while  of  the  20  or  so  new  cene^t 
plants  built  in  the  last  three  or  four  years  and  representing  over  60,(W 
electric  h.p.,  all  but  a  small  proportion  have  motor  drive  throu^^^ 

^General  Elec.  Co. 
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[t  is  very  difficult  to  make  comparisons  in  the  cost  of  operation 
different  plants  as  affected  by  the  method  of  drive,  because  it  seems 
be  impossible  to  find  two  which  are  operating  mider  exactly  the 
me  conditions,  and  because  the  power  consumption,  or  cost  of 
wer  per  barrel,  depends  really  more  on  the  type  of  grinding  mills, 
e  fineness  of  the  finished  product,  and  the  physical  properties  of 
e  raw  material,  than  on  the  method  of  drive. 
Some  engineers  prefer  mechanical  drive  for  the  main  grinding 
partments,  owing  to  their  belief  that  the  electric  drive,  with  its 
aerator,  transmission  line,  and  motor  with  their  attendant  losses 
tween  the  prime  mover  and  the  mills,  is  less  economical  than  the 
ichanical  S3rstem  with  only  main  belt  and  lineshaft.  This  may  be 
le  with  a  good  mechanical  transmission,  i.  e.,  one  with  a  minimum 
shafting  and  belts,  but  there  are  a  number  of  compensating  advan- 
les  possessed  by  the  electrical  system  which  make  it  ultimately 
'ferable  to  engine  drive  as  far  as  steam  economy  is  concerned. 
e  most  important  of  these  is  that  no  plant  operates  at  constant 
i  (a  number  of  plants  work  on  about  80  per  cent  of  full  load), 
I  the  transmission  losses  in  engine  drive,  which  are  practically 
Bpendent  of  the  load,  from  a  small  percentage  at  full  load  become 
onsiderably  greater  proportion  at  the  actual  power  produced, 
le  with  the  electric  system  the  losses  are  reduced  much  more 
rly  in  proportion  to  the  reduction  in  load. 

jiother  point  in  favor  of  the  electric  drive  is  that  steam  turbines 
f  be  employed  as  prime  movers,  and  turbines  show  a  higher  econ- 
f  at  all  loads  than  reciprocating  engines,  and  require  less  attend- 
e  and  supplies.  One  of  the  greatest  advantages  of  electric  over 
5hanical  drive  is,  however,  its  flexibility  both  as  regards  the  power 
:it  and  the  mill  itself.  The  generating  station  may  contain  either 
>  or  three  imits  of  a  total  capacity  somewhat  greater  than  the 
dmum  demand  of  the  plant.  Some  cement  engineers  recommend 
use  of  three  imits,  each  of  about  40  per  cent  of  the  total  capacity 
uired,  an  arrangement  which  permits  the  operating  engineer  to 
p  the  load  on  each  unit  very  near  the  point  of  maximum  efficiency, 
n  though  the  plant  is  operating  at  a  fraction  of  its  rated  output, 
is  also  allows  adjustments  and  repairs  to  be  made  on  any  machine 
hout  crippling  the  plant,  and  makes  the  various  departments 
re  independent  of  the  prime  movers.  The  flexibility  in  the  con- 
iction  of  a  plant  may  considerably  affect  the  future  cost  of  opera- 
1,  by  permitting  the  location  of  the  power  station  to  be  decided 
iccordance  with  water  supply  for  boiler  feed  and  condensing,  ease 
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of  handling  coal  and  disposal  of  ashes.  One  plant  erected  in  leont 
years  found  it  convenient  to  locate  the  power  house  nearly  a  vSt 
from  the  mill,  and  the  saving  in  the  cost  of  operation  more  than  eoi&- 
pensated  for  the  energy  lost  in  transmission.  Finally,  as  importnt 
arguments  in  favor  of  electric  drive  may  be  mentioned,  the  ioogff 
life  of  electric  transmissions,  and  the  ease  and  accuracy  with  wUek 
the  power  used  can  be  measured  and  apportioned  between  the  (fif- 
ferent  departments,  the  latter  helping  the  cement  engineer  in  locatinK 
trouble  and  reducing  costs. 

The  electric  apparatus  best  suited  to  meet  the  conditions  of  the 
cement  industry  consists  of  steam-turbine-driven  generaUm  ud 
induction  motors  arranged  for  the  individual  motor  drive.  Tb 
induction  motor  is  better  fitted  to  deliver  constant  speed  to  the  null 
than  any  other  form  of  drive,  since  it  is  not  affected  by  heating  or 
fluctuations  in  voltage. 

ELECTRICAL  POWER  IN  CEMENT  PLANTS 

Bt  Frxderick  H.  Lbwis,  Bibmikgram,  Ala. 
Member  of  the  Society 

A  greater  or  less  amoimt  of  electric  power  is  f oimd  in  practically  aO 
Portland  cement  plants.  For  lighting  purposes,  it  is  essential.  For 
auxiliary  power  it  has  such  great  advantages  and  such  marked  ecoso- 
mies  that  it  may  also  be  considered  essential.  To  be  able  to  jAw* 
power  at  any  point,  however  distant  from  the  source  of  power,  or 
however  awkwardly  situated  with  reference  to  this  source  of  power, 
and  to  do  this  in  an  installation  which  is  cheap  and  efficient,  is  tf 
advantage  which  can  be  secured  in  no  other  way. 

The  operating  economy  of  auxiliary  electric  power  is  remarkable. 
In  a  plant  built  some  time  ago  by  the  writer,  and  equipped  with  dir^ 
current  for  auxiliary  power  machinery,  the  total  generator  rating  w»» 
375  h.p.,  while  the  sum  total  of  motors  and  lights  taking  ciurent&o^ 
these  generators  for  use  as  needed  was  675  h.p.    There  was  littl® 
trouble.    Circuit  breakers  seldom  went  out,  except  in  cases  of  shor^ 
circuits  on  the  line  from  some  cause  or  other.    It  is  quite  true  thai  t'^* 
entire  675  h.p.  was  not  in  use  at  one  time;  but  motors  and  Bg^*^ 
totalling  from  individual  records  as  much  as  600  h.p.  were  carried  t>y 
the  generators  without  an  overload  record  on  the  switchboard.    '^^ 
entire  675  h.p.  was  ready  for  use  whenever  needed  at  a  very  sfO^ 
expenditure  of  steam.    There  can,  of  course,  be  no  compariaol^  ' 
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J  between  a  performance  like  this,  and  that  of  any  power- 
sion  installation. 

results  obtained  from  plants  electrically  driven  throughout 
tared  with  those  from  plants  in  which  the  heavy  mill  drives  are 
e  through  a  suitable  power-transmission  equipment,  the  case 
clear.  The  conclusion  is  sometimes  doubtful,  or  less  general 
plication. 

hief  advantage  of  individual  motor  drives  is  the  flexibility 
in  the  operation  of  a  plant.  Machines  may  run  or  be  idle 
affecting  in  any  way  the  operation  of  other  machines.  This 
yb  still  favors  motors  on  mill  drives,  but  it  is  evidently  less 
^han  in  the  case  of  auxiliary  power.  The  heavy,  steady  load 
Qg  machinery  may  be  engine-driven  by  a  power-transmission 
ttt,  which  is  short,  direct,  and  eflScient,  especially  if  the  plant 
derate  size,  while  electrical  machinery  so  applied  is  compar- 
nore  expensive  and  less  efficient  than  when  applied  to  the 
il  or  auxiliary  uses  of  the  plant, 
sad  vantages  of  electric  power  are: 

a  Initial  Cost.  Inengine-drivenplants  power  units  are  bought 
twice;  once  in  the  boilers  and  a  second  time  in  the  engines, 
with  one  power  loss.  In  an  electric  plant  the  power  units 
are  bought  four  times:  in  boilers,  engines,  generators,  and 
motors,  and  there  are  three  power  losses.  The  cost  of  an 
electric  plant  complete,  as  compared  with  a  steam  plant 
for  the  main  power  drives  of  a  cement  mill  only  a  few  years 
ago,  was  about  as  2  to  1 .  Turbines  are  now  so  much  cheaper 
than  engines,  and  require  so  much  less  room;  and  electric 
generators  and  motors  are  so  much  cheaper  than  formerly 
that  present  comparative  figures  are  about  1.5  to  1.0. 
h  Operating  Cost,  In  the  writer's  opinion  there  is  no  doubt 
that  a  completely  equipped  electrical  plant  will  use  more 
power  coal  per  barrel  of  cement  than  a  plant  in  which  the 
main  drives  are  engine-driven.  In  a  plant  producing  2000 
bbl.  per  day,  the  coal  consumption  may  be  10  per  cent 
greater.  As  the  plant  grows  larger  and  the  losses  from 
power  transmission  by  engine  drive  increase,  this  difference 
in  fuel  cost  will,  no  doubt,  disappear;  may,  indeed,  be 
found  on  the  other  side  of  the  equation.  The  advantages 
of  electricity  become  greater  as  the  size  of  plants  increases. 
Operating  costs,  including  the  supervision  and  repair  ol 
motors,  are  also  greater  in  electric  plants,  especially  if  the>' 
are  small. 


728  TOPICAL  DISCUSSION  ON  CEMENT  MANUFACTURE 

c  Limited  Overload  Capacity.    The  regular  line  of  akenatr 
ing  current  motors  take  in  starting  a  very  heavy  cmraifci 
at  least  twice  as  much  as  they  take  when  rumiiDg  mder 
constant  load.    Combine  this  fact  with  anotha,  riit 
that  ball  and  pebble  mills  (as  well  as  some  other  mactuuM) 
take  40  or  50  per  cent  more  power  to  start  than  to  nn- 
With  a  squirrel  cage  motor  starting  a  pebble  mill  le 
have  then  a  demand  for  current  in  starting  whidib 
three  times  that  required  under  running  conditioiis,  an! 
possibly  more.    In  a  small  plant  this  may  drop  the  volt- 
age considerably,  drop  out  circuit  breakers  and  jolt  the* 
whole  transmission.     Even  in  large  plants  it  is  neoesBiir" 
often  to  dispense  with  circuit  breakers  with  the  startiosi 
side  of  motor  switches,  or  else  equip  the  circuit  breate» 
with  an  inverse,  time  element  relay,  so  that  the  break«" 
will  act  only  after  a  lapse  of  a  certain  length  of  time. 
This  objection  is  one  particularly  applicable  to  drives  for  heavy 
machinery,  and  is  of  relatively  less  importance,  as  plants  become  luge** 
and  the  power  required  for  individual  motors  becomes  less  in  propor- 
tion to  the  whole  amount  of  power  on  the  transmission  lines  or  attke 
switchboard.    A  so-called  slip-ring  motor  is  now  available  which  re- 
quires less  starting  current,  and  in  that  respect  is  desirable  for  heavy 
duty  in  small  plants.    The  squirrel-cage  motor  in  itself,  however,  is 
more  desirable. 

In  a  Portland  cement  plant  in  full  operation  cost  does  not  vary 
much  from  month  to  month.  With  a  large  or  small  output,  the  differ- 
ence is  dollars  is  not  great.  Hence  economy  of  manufacture  hbge^ 
very  largely  upon  the  output,  the  figure  used  as  a  divisor  for  thectfU- 
paratively  constant  cost  in  dollars.  The  larger  the  output  from  any 
given  plant  the  less  the  cost  per  barrel.  Hence,  the  mechanical  equip* 
ment,  which  will  produce  full  output  with  regularity,  may  be  advan- 
tageous even  if  the  operating  cost  in  dollars  is  higher. 

In  the  writer's  observation,  the  operating  cost  for  power  is  high^ 
both  in  fuel  used  and  in  labor  (including  the  labor  required  for  super- 
vision of  motors  and  their  accessories,  and  for  the  repairs  of  thee^ 
things),  while  operating  results  are  good.     It  is  rather  difficult,  therP* 
fore,  to  reach  a  definite  conclusion  upon  the  actual  advantage  ^ 
disadvantages  of  the  electric  mill. 

As  a  general  proposition  for  a  plant  of  2000  bbl.  or  less,  a  pow* 
drive  for  the  raw  and  finishing  mills  with  auxiliary  electric  power  ap* 
pears  to  be  advantageous.     For  larger  units  the  electric  mill  is  better. 
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This  conclusion  is  based  upon  purely  mechanical  considerations.  In 
addition,  there  is  the  human  element  to  be  considered;  an  element 
which  may  neutralize  great  mechanical  advantages,  or  surmount 
great  mechanical  disadvantages. 

Undoubtedly  a  much  larger  percentage  of  costly  mistakes  have 
been  made  from  unfortimately  chosen  electrical  machinery  than  in 
any  other  part  of  the  mechanical  equipment  of  cement  plants.  This 
might  be  considered  an  additional  disadvantage  of  electric  plants.  It 
certainly  is  a  business  hazard.  Nevertheless,  highly  efficient  electri- 
cal plants  are  regularly  on  sale  and  available  to  the  discriminating. 

PROTECTION  OF  LABORERS  FROM   ACCIDENTS   AND 
INJURY  TO   HEALTH   IN   CEMENT   PLANTS 

By  Otto  Schott,  New  York 
Non-Member 

In  comparison  \vith  the  factory  help  in  European  countries  the 
American  laborer  offers  the  advantage  of  having  learned,  through 
his  independent  rearing  and  through  the  extensive  cultivation  of 
sports,  to  move  with  ease  and  self-reliance  amid  perilous  surroundings. 
This  favorable  circumstance  may  account  for  the  fact  that  in  America 
the  appliances  for  the  protection  of  the  laborer  have  hitherto  been 
griven  far  less  attention  than  in  other  countries.  This  paper  deals 
\nth  conditions  prevalent  in  cement  factories  in  Germany  and  the 
means  by  which  the  Government  protects  the  laborer. 

Every  employer  of  skilled  and  unskilled  lalx)r  is  obliged  so  to  ar- 
range and  maintain  the  workrooms,  working  contrivances,  machines, 
etc.,  as  to  cause  the  working  men  or  women  to  be  as  much  protected 
against  any  dangers  as  is  feasible.  The  German  government  employs 
different  hygienic  and  commercial  committees  to  inspect  at  regular 
intervals  all  factories  and  to  see  that  all  contrivances  are  being  applied 
and  in  good  working  order.  The  method  is  vexatious  and  very  fre- 
quently exceeds  the  rational  and  pra(^tical  limits. 

Dangers  menacing  the  laborer  in  a  cciment  factory  are  due:  (a)  to 
dynamite  explosions,  to  falling  rocks  and  stones,  etc.;  (6)  to  accidents 
occurring  in  the  working  of  the  factory  proper,  as  contact  with  gears, 
falling  into  the  crushers  and  grinding  machinery;  those  connected 
with  the  conveyance  of  the  cement  from  transmission  devices  or  from 
floor  openings;  from  being  burned  at  the  kilns  or  by  ashes  and  by 
explosions  of  coal;  (c)  to  injuries  from  dust,  vapors,  heat  and  smoke. 
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The  first  does  not  pertain  to  the  domain  of  the  mechanical  engjiMr 
and  is  therefore  omitted.    Regarding  the  second,  in  Gennany  pnh 
tecting  appliances?  are  included  in  the  supplies  furnished  by  madun 
factories  since  the  manufacturer  is  the  person  logically  fitted  to  famr 
the  parts  needing  protection.    The  construction  of  these  demi 
must  above  all  be  adapted  to  render  any  accident  from  the  worianK 
of  the  respective  machine  impossible;  they  should  in  no  way  inqwds 
the  ready  and  efficient  attendance  on  the  machine  by  the  Istor 
and  they  should  be  easily  removed  in  case  of  repairs,  and  easily  n- 
placed;  they  should  be  stable,  light  and  not  complicated,  and  ha?ea 
pleasing  appearance.    The  paper  treats  in  particular  of  proteetiDC 
devices  for  the  following:  Jaw  crushers,  gyratory  crushers,  reservoixB, 
gears,   belts,   rollers,   keys,   shafting  and  lubricating  oystan.  No 
loose,  torn  or  waving  garments  should  be  worn  by  the  workmoL 
Many  accidents  result  from  faulty  distribution  of  light,  narrowind 
angular  corridors,  awkward  and  unhandy  arrangement  of  the  tnn»- 
mission  contrivances,  belts  and  main  starting  devices.    In  deaiuDK 
the  machinery    the  dust  should  be  removed  automatically.   Coil 
explosions  can  be  obviated  by  cautious  kindling  of  the  kiln  and  by 
the  application  of  a  feeding  contrivance  adapted  to  mix  the  eoil 
with  air  in  the  right  proportion.    The  bin  should  be  built  fireproof 
and  be  well  closed. 

The  obnoxious  effects  of  the  heat  are  best  counteracted  by  spadoiw 
l)uilclings  with  high  windows  easily  opened  and  by  efficient  ventilt- 
tion.  The  means  of  protecting  the  laborer  from  dust  are  many  and 
it  is  a  moral  obligation  on  the  part  of  the  owners  of  cement  factor- 
ies to  obviate  this  cause  of  physical  injury  to  the  fullest  possible 
extent. 

JVIETHODS    AND    APPLIANCES    FOR   PREVENTION  OF 

ACCIDENTS  IN  CEMENT  PLANTS 

By  J.  G.  Beroouist,  Buffington,  Ikd. 
Member  of  the  Society 

Ac('i(l(^nts  are  caused  either  by  unsafe  conditions,  or  by  careletfDtfB 
on  the  part  of  the  workmen;  hence  the  remedy  resolves  itself  intoW 
safe^iiardinu;  dangerous  places,  so  that  any  man  exercising  ordinal 
can'  is  not  reciuired  to  take  any  risks  in  the  performance  of  lusdu^J' 
and  (b)  i)romoting  carefulness  throughout  the  whole  organisation* 
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In  dealing  with  the  first,  the  paper  shows  by  means  of  numerous 
views  the  methods  employed  by  the  Universal  Portland  Cement 
Company  of  BufiSngton,  Ind.,  for  safeguarding  its  distribution  of 
power  system,  switchboards,  lathes,  emery  wheels,  dryers,  gears, 
rolls,  shafting,  etc.;  also  the  use  of  overhead  walks  (containing  toe- 
boards),  screens,  etc.,  to  prevent  workmen  being  hit  by  falling  tools 
from  above,  etc. 

The  danger  from  the  explosion  of  dust  in  the  atmosphere  of  the 
ooal-grinding  department  was  removed  in  this  plant  by  having  all 
elevator  casings  and  conveying  apparatus  made  dust-tight. 

As  to  what  is  being  done  to  promote  carefulness  among  the  men,  a 
five  years'  record  is  required  from  every  skilled  workman.  The  new- 
comer is  given  one  of  the  company's  books  of  rules  on  safety,  is  re- 
quired to  sign  a  receipt  for  same,  and  to  pledge  himself  to  live  up  to 
it.  The  book  for  superintendents  and  foremen  contains  75  pages,  on 
such  subjects  as  the  safe  load  for  the  various  kinds  of  tools  and  appli- 
ances, like  ropes,  block  and  tackle;  the  book  for  the  other  employees 
contains  25  pages,  printed  in  five  different  languages. 

Constant  vigilance  is  exercised  and  rewards  of  merit  of  various 
aorts  distributed  in  order  to  have  the  rules  enforced  and  to  keep  up 
Ihe  interest  and  codperation  of  the  foremen  and  the  men  under  them. 

DEPRECIATION  AND  OBSOLESCENCE  IN  PORTLAND 

CEMENT  PLANTS 

Bt  Holgeb  Struckmann,  Kansas  City,  Mo. 
Member  of  the  Society 

To  arrive  at  a  fair  percentage  to  be  charged  for  depreciation,  it  is 
necessary  to  determine  the  probable  average  life  of  the  machinery 
and  buildings;  this,  however,  is  very  difficult  as  in  all  cases  there  is 
a  great  deal  of  variation  in  the  type  of  machinery  and  the  character 
of  material  to  be  handled;  furthermore,  the  rapid  development  of  the 
industry  has  made  it  necessary  to  make  continuous  changes  and  im- 
l^ovements  in  the  plants  and  as  a  matter  of  fact  has  caused  the  deprec- 
iation due  to  obsolescence,  to  be  greater  than  that  due  to  wear 
and  tear. 

The  argument  is  heard  quite  frequently  that  if  a  machine  is  main- 
tained in  a  state  of  efficiency  by  constant  repairs  to  it,  and  renewals 
of  parts  made,  it  does  not  depreciate  so  long  as  it  does  the  work  and 
that  it  is  just  as  valuable  when  ten  or  twenty  years  old  as  it  was  when 
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new.    This  argument  is,  however,  wrong,  as  machinery  does  gnnr 
obsolete  and  cannot  be  made  modem  by  repairs  and  renewals. 

It  is  absolutely  necessary  to  create  a  fund  equal  to  the  amoimt  of 
the  depreciation  made  from  year  to  year,  to  be  kept  intact  for  tbe 
purpose  of  replacing  the  machinery  and  buildings  at  the  end  of  thor 
''life/'  and  this  provision  should  be  made  without  any  reference  to 
profits  or  losses  of  trade,  as  depreciation  for  wear  and  tear  and  afao 
obsolescence  is  a  part  of  the  working  expense  of  a  business.  i 

The  danger  of  not  providing  adequately  for  depreciation  and  pw-  | 
ticularly  of  basing  same  on  the  year's  trading,  is  that  in  bad  yein 
the  amount  which  should  be  set  aside  for  depreciation  is  pud  oat  in 
dividends,  which  means  in  reality,  that  dividends  are  paid  out  of 
the  capital,  a  procedure  followed  as  a  rule  in  the  expectation  of  better 
times  when  matters  can  right  themselves.  Nevertheless  this  prM- 
tice  is  always  dangerous  and  invariably  prov^  disastrous,  as  might 
be  expected. 

A  large  percentage  of  the  cement  mills  of  this  country  are  equiK>ed 
today  with  machinery  which  is  out  of  date  and  is  a  serious  handicap, 
but  as  provision  has  been  made  byscarcely  any  of  the  manufacturers  to 
replace  it,  they  must  continue  to  operate  old,  and  in  some  cases,  obso- 
lete machinery.  Where  the  capital  stock  is  raised  for  this  purpose  the 
new  machinery  quite  frequently  has  to  produce  suf&cient  profits  to 
pay  interest  on  the  lost  capital  as  well  as  on  the  increased  capital- 
ization. 

It  would  he  far  better  to  distribute  less  and  set  aside  more  for 
dopreciation  than  to  live  in  a  "fool's  paradise"  and  awake  to  find  that 
the  time  has  come  when  the  machinery  must  be  modernized  to  meet 
competition  and  that  the  funds  to  do  this  are  non-existent. 

DISCUSSION 

In  the  discussion  which  followed  the  reading  of  the  papers,  Holger 
Struckman  said,  in  regard  to  electric  drive :    About  a  year  ago  we  put 
an  ammeter  on  each  individual  machine  in  one  of  our  plants,  and  in- 
stead of  correcting  the  mistakes  in  the  machine  through  the  ammeter, 
we  made  the  machine  come  up  to  the  ammeter.     In  other  words,  in- 
stead of  having  the  variation  in  load,  we  kept  the  load  in  the  machine 
exactly  at  a  certain  figure  in  accordance  with  the  ammeter,  and 
found  that  by  getting  away  from  the  overload  we  had  less  belt  trouble, 
and  by  getting  away  from  underload  we  had  greater  output.  Mr. 
Dudley  called  attention  to  the  fact  that  in  cement  mills  the  surface 
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b  becomes  coated  with  cement  dust,  and  that  necessitates 
Ay  higher  stresses. 

rds  the  question  of  obsolescence,  H.  S.  Spackman  stated 
provements  are  made  at  the  same  rate  as  during  the  last 
unless  the  entire  cost  of  the  cement  machinery,  that  is 
'  used  in  grinding,  etc.,  is  depreciated  every  five  years, 
[rinding  machinery  proper  every  two  years,  the  average 
ill  will  certainly  spend  in  changing  in  that  time  what  it 
lild  a  new  mill. 

issing  the  dust  problem  in  cement  manufacture,  W.  H. 
d  of  his  experiment  in  that  line  with  a  kiln  producing  about 
day.  He  constructed  a  concrete  chamber  about  69  ft.  long, 
1,  and  20  ft.  wide,  which  was  really  an  extension  to  the 
J  gases,  after  leaving  the  kiln,  went  all  through  this  chamber, 
ap  through  the  stack  to  the  end  of  it,  and  a  good  deal  of 
caught,  but  since  a  great  deal  of  dust  was  still  escaping 
le  stack,  a  set  of  sprays  was  put  in  the  stack,  and  from  these 
>ne,  besides  what  was  caught  from  the  other  apparatus, 
lb.  per  bbl.  was  secured,  and  in  some  cases  even  more. 
\,  however,  a  continous  stream  of  rain  coming  down  from 
1  one  side  or  the  other,  depending  on  the  way  the  wind  was 
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?he  object  of  this  paper  is  to  bring  to  the  attention  of  mechanical 
ineers  the  fact  that  by  proper  study  of  details  in  the  foundry 

1  core  room,  it  is  possible  to  produce  castings  better  suited  for  ma- 
le construction  than  those  now  ordinarily  furnished,  particularly 
*egard  to  their  interior  or  core  surfaces. 

2  For  the  present  purpose  a  core  may  be  considered  as  any  body 
and  that  is  formed  apart  from  the  mold  and  then  introduced  into 

mold  during  its  construction  or  after  the  mold  proper  is  finished. 
8  function  of  a  core  is  to  form  certain  faces  of  the  casting,  either 
Jrior  or  exterior. 

3  Common  sense  dictates  that  the  faces  formed  by  the  core 
uld  be  as  good  as  those  formed  by  the  body  of  sand  comprising 

mold  proper.  This,  however,  is  not  generally  the  case.  Until 
ent  times  wooden  boxes  were  largely  used  in  making  cores  and 
le  care  was  taken.  The  baked  cores  were  filed  to  fit  one  another 
the  mold.  No  attempt  was  made  to  produce  very  accurate  holes; 
fact,  the  machine  shop  frequently  preferred  to  cut  openings  from 
id  metal  rather  than  to  contend  with  irregular  and  poorly  cored 
es  full  of  adhering  sand  and  scale.  There  is  no  excuse  for  prac- 
)  of  this  kind  and  a  machine  shop  has  a  right  to  demand  as  perfect 
iuish  on  the  interior  of  a  casting  as  on  the  exterior. 

4  Some  of  the  best  core-room  practice  is  found  in  the  specialty 
P8,  such  as  of  manufacturers  of  radiators,  pipe  fittings,  gas  stove 
Ders  and  automobile  engines.  In  these  shops  the  equipment  has 
^  perfected  to  such  an  extent  that  the  castings  are  turned  out  true 
i^e  within  limits  of  a  few  hundredths  or  thousandths  of  an  inch, 
nng  that  much  thought  has  been  spent  on  the  core  room  and  its 
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equipment.  But  even  in  the  finest  and  most  progressive  plants  le 
find  conditions  which  cause  loss  of  time  and  money.  In  some  plaoti 
where  the  engineers  have  given  painstaking  care  to  the  design  ind 
construction  of  the  core  boxes  and  core  drierS;  and  are  using  various 
types  of  core  machines,  they  are  using  sands  of  such  a  nature  that  the 
ingredients  of  the  sand  destroy  a  considerable  portion  of  tbe  o3 
or  other  material  used  as  a  binder,  necessitating  an  excess  of  binder, 
which  means  unnecessary  expense.  Most  core  rooms,  also,  are  ham- 
pered by  some  one  condition  which  is  considered  a  fixture,  such  as 
an  antiquated  oven,  a  cheap  local  sand  or  the  prejudice  of  the  for^ 
man  in  favor  of  a  certain  binding  material. 

5  For  the  past  four  or  five  years  the  author  has  given  partic- 
ular attention  to  the  problems  of  the  core  room.  While  many  foun- 
dry friends  have  been  ready  to  try  experiments  at  his  suggestion, 
there  has  been  difficulty  in  harmonizing  their  results,  or  in  harmoniiing 
results  in  the  same  plant  when  the  experiments  were  carried  on  a  few 
weeks  apart.  All  have  felt  the  need  of  improvement  in  this  line, 
but  it  required  someone  to  act  as  a  clearing  house  of  ideas,  to  plan 
the  tests,  to  see  that  they  were  carried  out  in  different  plants,  and 
above  all,  a  central  laboratory  which  could  unite  the  results  of  the 
different  experiments. 

6  At  this  juncture  the  Robeson  Process  Company  tendered  the 
use  of  its  well  equipped  chemical  and  physical  laboratories  at  Coving- 
ton, Va.  and  at  the  author's  suggestion  set  aside  a  large  room  for 
the  installation  of  core  ovens  and  testing  machines.  With  this 
laboratory  available,  the  cooperation  of  other  manufacturers  and 
dealers  was  askgd  and  they  have  all  rendered  hearty  assistance,  b 
another  part  of  this  paper  will  be  found  a  list  of  the  sands  furnished 
and  tested  and  a  list  of  the  binders  tested. 

THE  LABORATORY  AND  EQUIPMENT 

7  A  general  description  of  the  laboratory  equipment  and  meth- 
ods used  will  prove  helpful  to  a  more  ready  understanding  of  the 
l)ai)er. 

8  Sand  Mixing.    All  of  the  sand  samples  are  thoroughly  mixed 
before  the  batches  of  cores  are  made.    There  is  no  regular  mixing  nul' 
available  and  so  the  following  method  is  adopted:    The  dry  sand  is 
measured  out,  tlie  binder  added,  and  the  mass  worked  over  by  hand 
until  the  binder  seems  to  be  thoroughly  distributed  throughout  the 
sand.     In  working  by  hand  the  sand  is  rubbed  between  the  hands, 
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e  deBired  amount  of  water  for  tempeiing  then  added.  A  care- 
ord  of  the  exact  amount  of  water  used  should  be  kept  in  all 
0  that  lie  experiments  can  be  duplicated  with  exactness.    The 

ibea  tskem  on  an  iron  plate  and  mixed  by  rubbing  with  an 
le  aa  in  Fi£.  1.  It  will  be  noticed  that  the  sand  ia  made  into 
tnd  a  little  of  the  end  of  the  pile  cut  ofT  with  the  pipe  and 

forward  at  each  stroke. 

This  method  of  mixing  molding  sands  was  used  by  Mr.  Ron- 
in  illustrating  the  advantage  of  milling  sands  in  a  paper 
le   read  before  the  American  Foundiymen's  Association  at 


fia.  1    MiziHO  Sand  on  a  Plate  with  ah  Ibon  Pipi 


iladelpbia  convention  some  years  ago.  By  this  means,  a 
olding  sand  was  made  from  clay  and  sharp  sand. 
It  is  a  rule  at  the  laboratory  to  mix  each  batch  of  sand  by 
it  over  five  times  on  the  plate  in  addition  to  the  hand  mixing, 
tch  is  then  taken  to  the  core  bench  or  core  machine,  as  the 
ly  be.  Very  large  batches  have  to  be  worked  over  a  little  at 
an  the  plate. 

'^ore-Making  Equipment.  A  general  view  of  the  core-making 
Jid  a  portion  of  the  core  department  is  shown  in  Fig.  2.  The 
portion  of  the  table  is  used  for  making  cores  by  hand.  At 
s  of  the  table  are  mounted  two  core  machines,  the  one  at  the 
ling  a  Wadsworth  screw-feed  machine,  and  the  one  at  the  left 
,e  plunger-feed  maciiine. 
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h  tlic  machines  a 
A  one  end  and  ar 


I  mounted  on  heavy  planks  liinged  to 
.nged  to  be  raised  to  various  elevations 


OBWOHTH  Scbew-Feed  Core  MAcniNE  Making  I-in.  Round  Corer 


E  I'l 


.K  M.*. 


S    1-IN.  BQ.  COREiS 


cr.  This  is  licliii  slmwu  in  J'igss.  '.i  and  4.  Tlie  device 
e  inachini'i^  to  hi-  irstrii  wlirn  fccdiiiK  the  tores  out  on  a 
ce  and  also  wlion  nmning  tlie  cores  down  hill  at  various 
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anglea.  This  method  of  mounting  ^sas  first  called  to  the  wrilei'ii 
attention  while  experiments  were  being  carried  on  with  one  of  the 
Acme  plunger-feed  machines  in  the  making  of  cores  of  gangn'gy  or 
old  core  sand  at  one  of  the  plants  of  the  International  Harvester 
Company.  They  found  it  was  necessary  to  feed  the  cores  down  at 
an  angle  of  10  deg.  to  prevent  buckling,  but  by  so  doing  ven 
able  to  use  a  very  cheap  mixture  composed  entirely  of  old  sand  nnd 
a  relatively  small  amount  of  binder.  In  Fig.  3  the  Wadsvoith 
machine  is  shown  making  1-in.  round  cores  and  forcing  them  out 
on  corrugated  plates.  Fig.  4  shows  the  Acme  muhine  fitted  for 
making  three  square  cores  at  a  time,  and  also  illustrates  the  ro<l 
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guide  for  keeping  the  square  cores  straight  after  they  are  run  ou' 
on  the  plate,  round  cores  arc  run  out  on  a  corrugated  plate  The 
Wadsworth  machine  is  also  fitted  with  square  core  dies  and  ia  *"'* 
ease  the  cores  arc  straightened  by  means  of  a  straight  edge.  Tote' 
the  advantage  of  jar-rummed  cores  the  jar-ramming  machine  shoWiin 
Fig.  5  wjis  installed,  which  shows  it  in  the  act  of  being  rolled  over.t'"' 
con?  having  iurn  formed,  the  plate  placed  upon  it  and  clamped.  The 
machine  is  then  raised,  rolled  over,  and  let  down  on  to  the  core  plat' 
when  the  core  box  is  rcimivrd  and  the  plate  passed  to  the  oven.  Thi' 
machine  is  nsi'd  largfl_v  for  making  cures  2  in,  square  15  in.  loM 
for  breaking  on  suppon-s  12  in.  apart.  This  larger  size  of  core** 
adopted  to  test  out  mixtures  used  for  heavy  coree. 
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'ore  Tetting.  Much  thought  was  given  to  the  proper  method 
ig  cores  and  several  devices  have  been  tried.    For  testing 

tension  an  ordinary  concrete  testing  macbin«  is  used  with 
tdard  tension  pieces  made  in  the  ordinary  briquette  mold 
1  Fig.  6.  These  briquettes  are  1  in,  thick  and  1  in.  wide  in 
ow  part,  so  that  they  have  an  area  of  1  sq.  m.  at  the  point 
hey  are  broken.    The  cores  are  pulled  in  a  small  testing 

shown  in  Fig.  7.  This  machine,  however,  has  a  capacity 
56  lb.  and  it  was  found  that  many  of  the  cores  could  not  be 
mth  it.  It  is  exceedingiy  delicate,  however,  and  so  ia  fitted 
lently  for  testing  delicate  or  soft  core  mixtures  such  as  are 
aluminum  foundries  or  crucible  steel  work,  etc. 


Box  OK  Mold  osed  roR  hakinq  Test  Corbs  for  TsNaioN  Test 


'or  testing  cores  which  develop  greater  strength  the  device 
I  Kg,  8  was  first  constructed.  This  consists  of  two  supports, 
i  of  which  are  formed  with  a  J-in.  radius,  giving  a  J-in, 
le  bearing  points  of  the  supports  being  exactly  12  in.  apart, 
square  core  15  in,  long  b  made  in  the  core  box  shown  at 
tom  of  Fig,  8,  and  the  core  then  laid  across  the  top  of 
>ort8  with  the  shackle  in  the  center  as  shown.  The  shackle 
tA  by  means  of  the  piece  of  wood  shown  at  the  right  which 
itch  cut  in  it  so  that  when  the  shackle  bears  ag^nst  the  end 
jck  the  ^-in.  bolt  will  be  exactly  in  the  center  of  the  core 
jted.  A  pail  is  hung  from  the  shackle  and  shot  poured  into  it 
!  core  breaks.  The  shackle  is  then  dropped  into  the  pail  and 
,  shot,  and  shackle  weighed  un  a  spring  balance,  thus  giving 
;ht  which  it  took  to  break  the  core. 


742      THE  CORE  room:    its  equipment  and  hanaqeuent 

15.  It  was  found  that  considerable  care  had  to  be  tak^i  to  conduct 
the  testing  at  about  the  same  rate,  that  is,  to  pour  the  shot  at  lixut 
the  same  speed,  so  that  the  weight  would  come  on  to  the  core  uni- 
formly and  at  a  sven  rate.  Wfiere  the  shot  was  poured  verj*  aWy 
the  core  would  break  at  a  much  lower  figure  than  where  the  shotms 
poured  rapidly. 

16.  The  use  of  a  Fairbankt^  cement  testing  machine  was  secundit 
the  Industrial  Testing  Laboratory  of  Cleveland  and  in  Buffalo  at  the 
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Buffalo  Testing  Laboratory.     Series  of  cores  were  broken  on  tlie^ 
machines  to  test  conimerciul  mixtures. 

17.  The  author  believes  the  tension  test  to  be  the  fairest  compai»' 
tivo  one  for  a  core  as  it  can  be  applied  more  uniformly  and  eaalj' 
than  a  transverse  tej^t.  Cores  arc  also  more  delicate  when  tested  in 
tensii)n,  and  develop  greater  strength,  and  small  errors  do  not  mikf 
as  great  a  relative  difference.  Core  mixtures  were  foimd  in  u«  i" 
foundries  the  tension  strcnt^hs  of  which  varied  from  less  than  3 
11).  iKjr  a(\.  in.  to  1")0  lb.  per  aq.  in.,  and  apparently  the  necesMty  ol 
meeting  the  varying  needs  of  caslings  thoroughly  justifieti  this  vi^ 
niuge  in  wtreiinOi. 
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Baking  Equipment.  For  baking  the  cores  a  amall  gas-fired 
I WH8  first  used,  which  could  be  kept  at  a  temperature  of  400  to 
d^.  without  difficulty.    When  larger  cores  were  made,  however, 

tests  of  mixtures  compared,  it  became  necessary  to  bake 
■hea  of  considerable  size  at  a  time,  and  so  a  Wadsworth  portable 

oven  was  installed,  as  shown  in  Fig.  9.  This  illustration  also 
n  the  Bristol  recording  thermometers  attached  to  the  core  oven, 
of  the  thermometer  bulbs  was  placed  under  the  top  shelf  and  the 
fat  the  top  of  the  bottom  shelf.  Iron  pipes  of  |  in.  size  were 
ied  through  the  back  of  the  oven  so  that  the  thermometer  tubes 
!  at  about  the  center  of  the  oven. 


FiQ.  8    Device  for  Breakino  I-in.  sq.  Cores 

At  first  there  was  trouble  in  getting  the  required  temperature 
le  oven,  but  by  burning  anthracite  cod  no  further  difficulty  was 
rienced  in  maintaining  the  temperature  at  400  to  410  deg.  at 
t  thermometer.  In  ordinary  practice,  however,  when  the  vent 
he  top  of  the  oven  is  wide  open  there  ia  a  difference  of  from 
1 40  deg.  between  the  two  tlieriuonieters  in  this  oven,  the  lower 
nometer  being  the  hottest.  This  is  due  to  tlie  fact  that  the 
i  on  the  upper  shelves  absorb  heat  and  that  the  lower  shelf  is 
^y  over  the  firebo.'i.  Tlic  lower  thermumeter  is  therefore 
ted  at  times  by  some  directly  radiated  heat,  and  this  would  also 
t  any  cores  being  driiil,  as  Ihe  nuliateil  heat  would  strike  the 
im  of  the  core  plate  am]  tend  to  dry  cores  from  the  bottom  up. 


^  »i 


Yia.  9    Wadbworth  Portable  Core  Oven  with  Bristol  Rscoki 
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sands  tested  and  was  found  to  have  an  important  bean: 
results  that  could  be  obtained  with  any  given  sand. 

22    Other  tests  than  those  conducted  at  the  Covinjcton  b 
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33  Introduction  of  Metal  into  a  Mold.  Before  proceeding  with 
*  diBcusstoQ  of  the  subject  it  may  be  well  to  state  what  happens 
'•'lieii  a  core  is  surrounded  with  metal.  The  action  is  shown  in 
">8.  10,  which  represents  a  portion  of  a  cylindrical  castii^  in  the 
P^'ocess  of  pouring,  at  a  point  where  the  mold  is  about  two-thirds 
'Uil,  the  metal  rising  over  the  core.  Metal  enters  the  gate  at  the  left 
■A&d  flows  to  the  bottom  of  the  opening  under  the  core. 
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24  At  first  the  mold  is  full  of  ^r  and  the  moment  molten  metal 
®*itera,  thb  air  becomes  highly  heated  and  expanded,  thus  instantly 
'ifeating  a  pressure  in  the  mold.  The  inflowing  metal  must  not  only 
*xpel  a  volume  of  air  equal  to  the  volume  of  the  mold,  but  the  expan- 
sion of  the  air  greatly  increases  its  volume.  Then  also,  considerable 
steam  is  generated  as  the  metal  enters,  and  this  too  has  to  be  expelled. 
This  mass  of  air  and  steam  escapes  through  both  the  mold  and  the 
Core  as  indicated  by  the  arrows  in  the  upper  portion  of  the  illustra- 
tion. As  the  metal  flils  the  mold  the  gas  pressure  on  the  inside  is 
Relieved,  but  a  new  set  of  conditions  appears  which  demands  a  porous 
mold  and  core. 

25  If  the  metal  is  poured  at  the  proper  temperature,  a  skin  or 
crust  of  solid  metal  forms  almost  instantly  on  the  sides  of  the  mold 
and  the  core  (see  Fig.  10),  which  prevents  the  passage  of  air  or  gas 
from  the  core  or  mold  into  the  metal,  or  from  the  metal  into  the  sand. 
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At  first,  however,  the  skin  is  rather  flexible,  and  should  gas  be  geni 


ated  in  either  the  mold  or  the  core  more  rapidly  than  the  vent 
take  care  of  it,  it  may  blow  back  and  scab  the  casting. 

26  As  the  metal  rises  against  the  bottom  of  the  core  its  surfnk^ 
is  burned.  As  a  core  is  dry,  no  steam  is  generated  during  this  op^i 
ation,  but  the  hydrocarbon  compounds  in  the  core  binder  are  driArez 
off  and  forced  through  the  core  toward  the  central  vent,  as  indicated 
by  the  arrows  in  Fig.  10. 

27  Oases  Formed  in  Cores.    As  long  as  air  is  present  in  the  mold 
or  core  all  forms  of  caA*bon  are  burned  or  oxidized  so  that  the  first 
gases  to  be  expelled  may  contain  carbon  dioxide.    As  it  becomes 
entirely  surrounded  with  metal  the  air  is  quickly  exhausted  and  from 
that  time  on  only  such  hydrocarbon  gases  as  can  be  distilled  off 
by  heat  are  expelled.    From  this  it  will  readily  be  seen  that  the 
volume  of  gas  generated  in  the  pouring  of  metal  aroimd  any  core 
is  largely  determined  by  the  volume  of  volatile  hydrocarbons  whieb 
can  be  distilled  from  the  core  binder. 

28  The  baking  temperature  to  which  the  core  is  subjected  will 
have  an  important  bearing  upon  this  subject.  Certain  binders  can 
be  baked  at  a  high  temperature  so  as  to  expel  most  of  the  volatile 
hydrocarbons  and  leave  little  but  solid  carbon  as  the  core  binder, 
but  where  this  is  done,  an  excess  of  binding  material  must  be  used, 
as  the  binding  power  of  the  hydrocarbon  compoimds  is  largely  sacri' 
ficed.  Then  too,  if  the  baking  is  continued  until  all  of  the  volatile 
hydrocarbons  are  driven  out,  the  volume  of  the  binder  is  changed  to 
such  an  extent  that  cracks  or  checks  will  generally  be  formed  in  the 
core.  The  ideal  binder  is  one  which  contains  sufficient  hydrocarbons 
to  give  a  strong  core,  but  it  must  not  give  off  during  pouring  gases 
which  are  injurious  or  even  trying  to  the  workmen.  This  subject 
will  be  referred  to  later  under  binders. 

29  Refractory  Base  oj  a  Core,  The  refractory  material  of  which 
the  core  is  composed  should  be  of  such  a  nature  that  it  conducts 
heat  but  slowly,  so  that  the  rate  at  which  the  succeeding  layers  of 
hydrocarbon  are  distilled  off  is  sufficiently  slow  to  enable  the  vent  to 
take  care  of  the  gases  as  they  are  formed. 

30  There  are  some  cases  in  which  it  is  advisable  to  increase  the 
conductivity  of  a  core  so  as  to  cause  it  to  act  as  a  chill  on  the  metal 
and  when  this  is  desired  the  binder  problem  is  still  further  complicated. 

31  After  the  metal  has  come  in  contact  with  the  core  and  com- 
menced to  burn  out  the  hydrocarbon  compounds,  there  should  still 
be  some  binding  properties  left  to  act  until  the  skin  of  metal  next 


HENBT  M.  LANE  747 

the  core  becomes  sufficiently  strong  to  resist  any   tendency  of  the 
molten  mass  of  metal  to  cut  the  core. 

32.  Where  metal  must  flow  through  or  cover  a  core  it  is  difficult 
to  prevent  cutting  or  washing  by  using  bonds  of  a  carbonaceous  nature 
only.  Clay  or  a  refractory  bond  of  similar  nature  has  to  be  resorted 
to;  sometimes  the  siurface  of  the  core  is  protected  by  silica  wash  or 
clay  and  blacking  wash.  If  the  binder  is  present  in  the  core  in  suffi- 
cient quantity  to  leave  a  fairly  large  percentage  of  fixed  or  free  carbon, 
the  metal  is  not  liable  seriously  to  eat  into  or  bum  into  the  core. 
In  many  cases  this  condition  necessitates  the  use  of  higher  percentages 
of  binder  than  would  be  required  simply  to  furnish  the  necessary 
strength  in  the  core. 

DIVISIONS  OF  THE  SUBJECT 

33.  To  avoid  complication  the  subject  is  divided  into  sections 
*iid  each  treated  separately.  The  sections  selected  are  as  follows: 
^Ore-room  location  and  arrangement;  core  sands  and  core  binders; 
^lection  and  compounding  of  core  materials;  core  ovens  and  core 
^l^ng;  core  pasting,  core  handling  and  core  storage;  core  machines 
^tid  core-room  rigging. 

CORE  ROOM   LOCATION   AND   ARRANOEMENT 

34.  The  location  and  area  of  the  core  room  are  of  more  importance 
in  the  production  of  castings  than  most  foimdrjonen  realize,  since 
the  modem  tendency  in  certain  classes  of  work  is  to  throw  an  ever 
^creasing  responsibility  on  it,  and  some  complicated  castings  such 
is  air-cooled  automobile  cylinders  are  made  in  molds  that  are  com-. 
posed  entirely  of  cores.  The  definition  of  a  core  as  already  given  was. 
carefully  chosen  with  this  phase  of  the  subject  in  mind.  The  loca- 
tion depends  upon  several  factors:  the  size  of  the  individual  cores,  the 
number  of  pounds  of  cores  used  per  molder  per  day,  the  strength  of 
the  individual  cores  and  the  method  of  handling  the  cores  from  the 
core  room  to  the  molders. 

35.  Core-Room  Area,  A  series  of  observations  of  the  proper  area 
of  the  core  room,  extending  over  about  fifteen  years,  has  shown  that 
the  core  room  varies  in  area  from  10  to  over  50  per  cent  of  the  molding 
floor.  This  includes  the  space  occupied  by  the  ovens  and  core  stor- 
age but  not  the  core  sand  storage.  In  very  heavy  grey  iron  work, 
such  as  large  Corliss  engine  cylinders,  heavy  machine-tool  castings, 
large  forging  machines,  etc.,  the  space  devoted  to  core  making  may 
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be  equal  to  at  least  60  per  cent  of  the  active  molding  floor  space,  f>vi 
in  this  kind  of  heavy  work  about  half  is  usually  inactive,  because 
heavy  castings  must  be  left  in  the  sand  several  da3rs  to  cool,  hence  tbe 
area  as  compared  with  the  molding  floor  is  about  30  per  cent  of  the 

totaL 

36  The  core-room  proportion  in  the  case  of  side  floorwork  ina 
grey  iron  foundry  is  generally  much  less  because  many  of  the  molds 
require  no  cores  and  as  a  rule  the  floors  are  cleaned  each  day,  so  that 
the  entire  molding  area  is  continually  active  and  varies  from  10  to 
15  per  cent  of  the  area  of  the  side  floor. 

37  In  the  case  of  loam  work  frequently  only  a  very  small  number 
of  cores  are  used  which  are  not  made  on  the  loam  floors,  but  of  cotuse 
when  loam  work  is  being  carried  on  drying  ovens  are  necessary  and 
the  entire  proposition  partakes  of  the  nature  of  a  core  problem. 

38  For  light  grey  iron  or  malleable  work  the  area  of  the  core 
room  depends  entirely  upon  the  character  of  the  product.  The  fact 
that  in  the  core  storage  the  cores  are  kept  on  shelves  one  above 
another  and  the  small  ones  are  dried  on  cars  having  several  shelves, 
tends  to  reduce  very  greatly  the  total  area  required.  The  cores  for 
a  given  mold  usually  take  up  much  less  space  than  the  mold  itself 
and  they  are  not  accompanied  by  flasks.  For  grey  iron  work  on 
automobile  castings,  including  cylinders,  the  core  department  will  have 
an  area  varying  from  40  to  60  per  cent  of  that  of  the  foundry.  In 
aluminum  work  for  automobiles  it  is  about  40  per  cent,  in  brass 
jobbing  shops  10  to  15  per  cent,  for  brass  fittings  20  to  25  per  cent, 
while  for  iron  fittings  it  takes  from  20  to  45  per  cent. 

39  The  core-storage  space  to  be  provided  is  also  important.  In 
the  case  of  jobbing  work  comparatively  little  room  is  necessary,  since 
the  cores  when  completed  are  usually  sent  to  the  molders'  floors. 
Where  a  line  of  standard  work  is  being  manufactured,  provision  should 
be  made  for  carrying  at  least  one-half  of  a  day's  supply  of  cores,  and 
where  night  ovens  are  used  for  baking  an  entire  day's  supply. 

40  Handling  Warm  Cores,  In  order  to  avoid  rehandling  whenever 
possible,  cores  should  be  sent  from  the  core-oven  trucks  to  the  molders 
without  placing  them  on  storage  shelves  as  this  involves  an  extra 
handling.  This  question,  however,  brings  up  the  advisability  of 
handling  cores  hot.  With  many  binders  under  such  conditions  more 
binder  will  have  to  be  used  than  if  they  are  allowed  to  cool. 

41  One  large  foundry  in  this  country  using  a  great  many  oil- 
sand  cores  changes  its  oil-sand  mixtures  at  about  3  p.m.  by  decreas- 
ing the  amount  of  binder  15  per  cent.    The  reason  for  this  is  that 
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ores  made  subsequently  will  be  run  out  of  the  core  oven  on  to 
elates  and  left  to  cool  over  night  before  they  are  handled,  so  that 
ull  strength  of  the  binder  will  be  developed.  During  the  day 
are  ordinarily  taken  from  the  plates  hot  and  carried  to  themolders. 
lany  cases  a  saving  of  15  per  cent  of  binder  would  more  than 
for  the  rehandling  of  the  cores  and  the  placing  of  a  core  storage 
een  the  core  department  and  the  foundry. 

TransportcUion  of  Cores.  Where  the  number  of  cores  used 
Dolder  is  so  great  that  the  weight  of  the  cores  delivered  to  each 
oximates  the  number  of  poimds  of  castings  turned  out  by  him 
lay,  the  problem  of  transporting  the  cores  becomes  serious 
tnust  be  taken  into  consideration  in  locating  the  core  room.  In 
there  must  also  be  considered  the  element  of  breakage.  Every 
that  is  broken  represents  not  only  the  loss  of  the  sand  and  binder 
dso  of  the  time  expended  in  making  it,  the  fuel  for  baking,  and 
•  labor  in  the  way  of  transportation.  Every  possible  precaution 
Id  therefore  be  taken  to  reduce  this  item. 

If  the  cores  are  large  and  delicate,  such  as  those  required  in 
inum  or  light  crucible  steel  castings,  they  must  give  way  readily 
*e  the  shrinking  metal  and  should  be  handled  as  little  as  possible, 
c  the  core  room  should  be  near  the  molders. 

If  the  cores  are  standard  and  sufficiently  hard  so  that  they  are 
lied  in  boxes  or  in  piles  on  boards  as  in  some  fitting  shops,  they 
$tand  transportation  a  long  way,  and  here  it  will  pay  to  central- 
iie  core  department,  equip  it  with  labor-saving  machinery,  and 
ze  the  cost  to  a  minimum.    The  cores  can  then  be  distributed 
0  various  departments  without  fear  of  serious  loss  through  break- 
In  the  case  of  heavy  work  where  they  have  to  be  handled  with 
ine,  if  there  are  several  separate  bays  or  departments  it  is  fre- 
tly  more  economical  to  provide  each  section  of  the  foundry  with 
Yn  core  room  and  to  arrange  it  so  that  the  main  traveling  cranes 
lie  them  from  the  core  oven  trucks  to  the  molds  at  one  operation. 
For  transporting  cores  about  the  foundry  we  have  platforms 
nonly  called  boats,  which  are  rectangular  in  shape,  made  of  plank, 
heavy  battens  on  the  back,  supported  at  four  comers  by  slings 
the  crane  hook.    The  cores  to  be  moved  are  piled  on  the  plat- 
and  shifted  to  the  parts  of  the  foundry  where  they  are  to  be 
.     For  handling  and  transporting  medium  or  fairly  heavy  cores 
dee  of  this  kind  saves  rehandling  and  guards  against  breakage. 
30  does  away  with  confusion  in  the  gangway  due  in  many  plants 
rrying  of  cores  to  the  various  floors.     In  some  foundries  the  cores 
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are  carried  to  molders  on  a  trolley  system  in  boxes  or  specially  pre- 
pared cages  supported  by  spiral  springs.    In  other  cases  epmg 
trucks  running  on  the  gangway  floor  or  springnsupported  platfonn 
cars  running  on  industrial  railways  are  used  for  the  purpose. 

46  In  the  case  of  medium  heavy  work,  cores  weighing  100  to  200 
lb.,  the  core-oven  truck  may  be  arranged  so  that  each  shelf  can  be 
lifted  off  by  the  traveling  crane  and  used  as  a  boat  to  carry  tiie  cons 
to  the  floor;  in  other  cases  the  entire  core  car  may  be  picked  up  by 
the  cranes  and  delivered  to  the  molders  floor. 

47  Handling  Core  Sand.  As  the  core  sand  is  bulky  the  problem 
of  handling  it  assumes  considerable  prominence  in  most  plants,  and 
this  necessitates  the  location  of  the  core  room  in  such  a  position  that 
the  sand  can  be  delivered  from  the  railroad  cars  into  the  storage  bins 
with  the  least  amount  of  handling.  For  the  most  effective  work  the 
sand  should  be  as  dry  as  possible,  hence  it  should  be  put  into  storage 
at  a  dry  season  of  the  year,  and  at  least  a  nine  months'  supply  pro- 
vided for.  Buying  the  sand  at  this  time  of  the  year,  also  reduces 
freight  costs  by  eliminating  water  contained  in  the  sand  during 
rainy  periods. 

48  To  sum  up  the  matter,  the  location  of  the  core  room  should 
be  such  as  to  minimize  the  handling  of  the  cores,  being  nearer  the 
molders  in  the  case  of  very  heavy  work  handled  by  the  main  cranes, 
or  in  cases  where  delicate  cores  are  used,  as  in  aluminum  or  light  cru- 
cible steel  work,  and  being  centralized  when  they  are  strong  enough  to 
stand  transportation. 

49  The  area  will  depend  upon  the  product,  and  a  fair  estimate 
may  be  obtained  by  taking  the  number  of  cores  required  per  man  pei 
day,  and  estimating  the  number  of  cores  the  coremaker  will  make  per 
day,  thus  arriving  at  the  number  of  benches  required.    The  space 
occupied  by  coremakers'  benches  is  as  a  rule  about  35  to  40  per  cent 
of  the  total  core-room  space,  the  balance  being  taken  up  with  ovens 
and  storage  racks  for  green  and  dry  cores. 

CORE  SANDS  AND  CORE  BINDERS 

50  The  term  core  sand  covers  a  wide  variety  of  materiab  adapted 
to  different  classes  of  core  work,  and  the  conditions  to  be  met  in  the 
core  room  necessitate  the  use  of  a  number  of  grades  of  sand  in  most 
core  rooms.  In  all  core  sands  the  principal  heat  resisting  element  is 
silica,  the  silica  grains  also  forming  what  may  be  termed  the  backbone 
of  the  core.  Ordinary  molding  sand  rarely  contains  over  80  per  cent 
silica,  the  balance  being  made  up  of  alumina,  oxide  of  iron,  and  othtf 
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impurities.  In  a  molding  sand  a  certain  percentage  of  clay  is  neces- 
sary to  form  the  bond.  They  may  be  divided  into  bondless  or  sharp 
sands  for  oil-sand  mixtures  or  cores  which  require  a  great  deal  of 
vent;  and  the  bonded  sands  and  gravels.  The  sharp  sands  contain 
from  97  to  98.5  per  cent  silica,  while  the  bonded  sands  contain  from 
97  to  less  than  90  per  cent. 

51  Proper  Condittan  of  Bond  in  a  Core.  Since  a  core  must  be 
sufficiently  porous  to  vent  freely,  the  sand  composing  it  must  be  of 
^uch  a  nature  that  there  will  be  a  considerable  percentage  of  voids 
or  open  spaces  through  which  the  vent  may  escape.  In  any  core  the 
iindividual  grains  of  sands  must  be  bound  one  to  another  with  some 
Enaterial,  collected,  if  possible,  at  the  contact  points  thus  leaving  the 
spaces  between  free  for  vent  passages.  Anythingthat  tends  to  roughen 
"t^he  surface  of  the  grains  of  sand  in  the  passages  tends  to  retard 
'the  vent. 

52  Form  of  Sand  Grains.  In  concrete  and  masonry  work  sharp 
sand  is  desirable  on  account  of  the  fact  that  it  affords  a  better  grip 
for  the  cement  or  lime  in  the  mortar.  For  core  work  rounded  grains 
of  sand  are  the  best  because  they  give  a  maximum  of  vent  passages 
and  larger  areas  at  the  contact  points  for  the  bonding  material  to- 
act.  The  strongest  cores  that  the  writer  has  seen  used  in  practice^ 
were  made  from  oil-sand  mixtures  with  thoroughly  rounded  grains  of 
sand,  the  individual  grains  being  of  approximately  uniform  size. 

53  In  concrete  work  the  object  is  to  fill  all  the  voids  between  the 
particles  of  the  material  with  finer  stock,  so  that  the  final  product 
will  be  a  uniform  solid  mass.  In  making  cores  the  requirement  is 
radically  different,  as  it  is  desirable  to  have  the  greatest  possible 
number  of  fine  voids;  only  they  should  be  so  fine  that  the  metal  will 
not  tend  to  follow  or  flow  into  them.  This  necessitates  the  use  of 
different  sized  grains  in  the  core  sand  for  different  metals. 

54  Some  of  the  brass  and  bronze  mixtures  are  particularly  search- 
ing and  will  force  their  way  into  cores  where  iron  would  lie  smoothly 
on  the  surface.  There  sere  two  reasons  for  this,  one  that  the  melting 
temperature  of  the  brass  and  bronze  alloys  is  lower  than  that  of  the 
iron  mixtures  and  hence  they  remain  fluid  for  a  longer  time  in  con- 
tact with  a  core;  and  the  other  that  the  iron  alloys  seem  to  be  more 
viscous  when  fluid  and  will  not  flow  into  as  sharp  comers  as  the  brass 
and  bronze  alloys. 

55  Almninum  behaves  like  iron  in  this  particular.  Sand  mix- 
tures which  would  be  perfectly  satisfactory  for  iron  or  steel  or  for 
aluminum  may  be  wholly  unsuited  for  brass  or  bronze.    A  brass  or 


752        THE   CORE   boom:     ITB   BQXnPMBNT   AND   MANAQBliBNT 

bronze  containing  considerable  phosphorus  is  particularly  search- 
ing in  its  action,  also  an  iron  containing  considerable  phosphorus  is 
more  fluid  than  other  mixtures  and  has  more  of  a  tendency  to  cut  intc^ 
a  core.    From  this  it  will  be  seen  that  the  selection  of  a  particular* 
grade  of  core  sand  must  depend  to  a  considerable  extent  on  the  metal 
to  be  cast. 

56  Early  Core  Pradice.    In  the  earliest  foundry  practice  cores 
were  made  from  mixtures  containing  no  artificial  bonds.    A  sand  was 
chosen  containing  enough  clay  to  hold  the  grains  together  when  dry, 
and  if  this  showed  a  tendency  to  stick  to  the  casting  some  sawdust 
or  other  carbonaceous  material  was  added  to  the  mixture,  causing 
it  to  fall  to  pieces  Aext  to  the  casting  more  easily  and  clean  out  better. 
It  is  probable  that  the  first  artificial  core  binders  used  were  r3re  and 
white  flour  and  pea  meal,  and  there  are  also  records  of  the  use  of  sour 
beer.    In  those  days  all  molds  were  thoroughly  dried  before  the  metal 
was  poured  into  them,  so  that  the  mold  partook  of  the  nature  of  a 
core.    To  harden  and  strengthen  the  face  of  the  mold  or  core,  it  was 
frequently  sprinkled  with  sour  beer  or  molasses  water  and  then  dried. 
When  the  metal  came  in  contact  with  the  siurface,  it  burned  out  the 
carbon  of  the  binding  material  used  at  the  surface  and  made  it  easy  to 
clean  out  the  core. 

57  American  and  Foreign  Pradice,  In  America,  demand  for  a  big 
output  and  cheap  castings  has  developed  a  number  of  lines  of  foundry 
practice  to  an  extent  not  found  in  any  other  country.  The  green 
sand  mold  is  more  universally  used  here  and  the  variety  of  core  binders 
exceeds  that  employed  in  any  other  country.  At  present  probably 
the  most  common  core  binder  used  abroad  is  what  is  known  as  core 
gum,  which  is  really  dextrine,  one  of  the  products  of  the  starch  indus- 
try. Pea  meal  is  also  used  abroad  to  a  considerable  extent  and  rye 
flour  and  linseed  oil  in  certain  foreign  countries.  America  has  been 
the  first  to  introduce  an  extensive  line  of  specially  prepared  binders. 

58  Kinds  of  Binders,  There  are  two  classes  of  binders  as  regards 
their  action  on  the  sand.  These  are  the  true  pastes,  which  do  not 
flow  to  the  contact  points  of  the  sand,  and  the  binders  that  flow  to  the 
contact  points  as  the  drying  and  baking  take  place.  All  binders  which 
act  as  a  paste  are  unaffected  by  clay  in  the  sand.  This  is  also  true 
of  resin  and  pitch.  Binders  that  partake  of  the  natiu*e  of  an  oil 
are  injured  and  in  some  cases  ruined  by  the  presence  of  clay  in  the 
sand.  The  advantages  of  sharp  sands  and  sands  of  uniform  sized 
grains  were  never  fully  appreciated  until  the  complicated  problems 
of  the  water-cooled  automobile  engine  cylinders  required  solution.    At 


HENRT  M.   LANE  753 

first  intricate  systems  of  mechanically  formed  vents  were  used,  but 
later  it  was  discovered  that  by  using  clear  silica  sands  and  oil  as  a 
binder  that  the  vent  would  find  ample  passage  in  the  spaces  between 
(he  rounded  grains. 

59  Fitting  the  Binder  to  the  Sand.    In  selecting  the  core  sand  for 
any  given  location  the  problem  to  be  solved  is  the  finding  of  the 
cheapest  finished  core.    Cores  for  a  given  class  of  work  must  have  a 
gjven  strength  per  square  inch  and  must  disintegrate  when  the  metal 
is  i)oured  about  them,  so  as  to  give  ample  opportunity  for  the  metal 
to  shrink.    Generally  in  producing  a  core  of  this  kind  a  number  of 
courses  are  open.    A  local  bonded  sand  may  be  used  with  resin, 
flour,  dextrine,  black  compound,  glutrin,  or  molasses.    As  a  rule 
black  compound  or  pitch  cores  are  more  suited  for  heavy  work  than 
for  light.    For  small  work  greater  strength  per  square  inch  of  core 
is  generally  required  than  for  large  work,  and  for  great  strength  associ- 
ated with  free  venting  there  must  be  a  binder  that  will  hold  a  sharp 
sand  and  at  the  same  time  permit  the  free  circulation  of  the  escaping 
gases.    Flour  or  dextrine  tend  to  a  large  extent  to  stop  the  vent,  as 
do  also  the  black  compounds,  which  contain  dextrine  as  a  green 
binder.    This  calls  for  the  use  of  an  oil  mixture,  an  oil  and  glutrin 
mixture,  a  glutrin  and  clay  wash  mixture,  or  molasses. 

60  A  number  of  diflferent  water  soluble  by-products  from  commer- 
cial processes  have  been  or  are  used  to  some  extent  as  core  binders. 
In  some  places  in  the  vicinity  of  rum  distilleries  a  product  known  as 
distillery  returns,  distillery  slop,  or  sour  beer,  is  used,  in  other  loca- 
tions sour  beer  from  breweries;  but  both  are  employed  only  in  limited 
localities  as  they  are  weak  adhesives  and  hence  not  good  binders. 

61  The  principal  objection  to  the  use  of  molasses  in  the  core  room 
is  the  fact  that  this  binder  is  not  uniform  in  its  adhesive  properties. 
First  fermentation  has  to  be  dealt  with.  To  test  its  effect  the  writer 
measured  out  a  quantity  of  molasses,  diluted  it  with  twice  its  volume 
of  water,  and  let  it  stand  in  a  crock.  The  specific  gravity  of  the  solu- 
tion was  taken  every  few  days  and  batches  of  cores  made  from  it 
were  tested  for  strength.  These  fell  off  rapidly  in  strength  as  the  fer- 
mentation proceeded,  losing  more  than  half,  and  at  the  same  time  the 
specific  gravity  constantly  decreased.  Foundrymen  have  been  known 
to  purchase  fermented  molasses  thinking  that  they  were  getting  a 
cheap  bond.  In  a  case  of  this  kind,  however,  one  has  no  knowledge 
of  the  actual  bonding  power. 

62  At  the  time  the  fermentation  experiment  was  made  on  molasses 
a  sample  of  glutrin  was  measured  out,  diluted  to  the  same  proportions, 
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and  allowed  to  stand  in  a  crock  next  to  the  molasses.  Cores  were 
made  from  it  each  time  that  cores  were  made  from  molasses.  Those 
from  glutrin  gradually  increased  in  strength  with  the  age  of  the  mix- 
tm'e,  due  to  its  slow  concentration  by  evaporation.  The  molasaes 
mixture  was  of  course  evaporated  just  as  fast,  but  the  compoatioD 
was  changing  so  rapidly  from  fermentation  that  the  effect  of  evapo^ 
ation  did  not  show. 

63  Another  objection  to  molasses  is  the  fact  that  no  matter  bow 
honest  the  dealer  or  how  free  from  fermentation  the  stock  may  be  at 
the  time  it  is  used,  its  bonding  power  varies  with  the  source  from 
which  it  was  derived.  In  making  cane  sugar  the  plant  is  topped 
in  the  field  and  the  tops  are  thrown  away  because  the  juices  in  the 
upper  part  of  the  stalk  have  not  been  converted  into  sugar.  If 
the  stalks  are  topped  too  high,  a  large  proportion  of  the  juice  carrying 
no  sugar  enters  the  fluid  and  remains  in  the  molasses  after  tbesug^r 
has  been  crystallized. 

64  As  molasses  is  the  residuum  of  the  sugar  process  it  must 
contain  all  its  impurities,  and  these  vary  with  the  source  of  material 
from  which  the  sugar  was  made,  the  method  of  work,  the  way  in 
which  the  cane  was  topped,  and  many  other  factors. 

65  The  other  water  soluble  bond  extensively  used  in  the  foun- 
dry is  glutrin,  a  by-product  of  paper  manufacture  by  the  sulphite 
process.  The  sap  stored  in  the  cells  of  the  spruce  wood  used  ia  paper 
making  is  extracted  by  boiling  with  the  sulphite  solution  and  when 
treated,  to  remove  certain  undesirable  elements,  and  concentrated, 
it  becomes  the  binder  known  as  glutrin.  While  its  composition  is 
complex,  consisting  of  tannins,  wood  sugars  and  resin  in  soluble  fonn, 
it  is  a  product  uniform  in  composition  and  hence  in  binding  power, 
and  it  will  not  ferment. 

66  Use  of  the  Microscope.  It  has  been  found  that  a  microscopic 
examination  of  the  fracture  of  a  core  would  tell  much  as  to  its  venting 
properties  and  the  efficiency  of  the  bond,  but  thus  far,  however, » 
has  proved  impossible  to  produce  a  microphotograph  that  would 
show  all  that  the  human  eye  could  see  in  examination  of  a  core, 
because  the  focal  depth  of  the  micrographic  lenses  is  exceeding^)' 
shallow,  so  that  when  examining  cores  at  magnifications  of  60  or 
more  diameters  it  is  necessary  to  rack  the  objective  back  and  forth 
and  examine  the  top,  the  middle  and  the  bottom  of  a  grain  of  sand, 
thus  giving  a  clear  mental  picture  of  the  bonding  conditions.  A 
microphotograph  taken  in  the  ordinary  way  does  not  show^tbis  as 
it  has  not  sufficient  depth  of  focus. 
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67  AcHon  of  Oil  in  Binding  Sands.    Oil  of  a  proper  grade  is  un- 
doubtedly the  strongest  and,  weight  for  weight,  the  most  efficient 
binder  known  when  dealing  with  clean  silica  grains.    In  the  paint 
trade  linseed  oil  is  considered  the  best  drying  oil,  and  it  is  also  the  best 
core  oil.    The  action  of  linseed  oil  in  bonding  a  core  is  as  follows: 
"The  material  must  be  so  thoroughly  mixed  w^th  the  sand  that  every 
Srain  is  uniformly  covered  with  oil  or  an  emulsion  of  oil  and  water. 
"When  the  heat  of  the  core  oven  acts  on  the  sand  the  moistm^  is  evap- 
orated and  driven  off.    As  the  moisture  passes  through  the  core 
'toward  the  outside  the  oil  remains  behind  on  account  of  its  relatively 
Iiigh  viscosity  and  first  uniformly  coats  each  grain  of  sand.    By 
capillary  attraction  excess  of  oil  tends  to  accumi^te  at  the  contact 
points  of  the  sand  grains  and  finally  dries  down  here  and  forms  an  area 
of  bond  somewhat  larger  than  the  contact  areas.    The  heavier  the 
oil,  that  is  the  more  body  it  contains,  the  more  will  the  space  about 
the  contact  points  be  filleted  and  the  bonding  area  increased.    Most 
of  the  other  drying  oils  contain  less  body  than  linseed,  and  hence  do 
not  give  so  firm  a  bonding  mass  at  the  contact  points  as  is  the  case 
with  linseed.     All  oil-sand  mixtures  must  be  tempered  with  water. 

68  Action  of  Paste  in  Binding  Sand.  The  radical  difference  be- 
tween the  bonding  of  sharp  sand  with  an  oil  and  with  flour  or  dextrine 
is  that  the  latter  forms  small  masses  or  grains  of  paste  which  dry 
on  the  face  of  the  sand  grains.  These  do  not  flow  over  it  to  the  contact 
points,  but  dry  in  the  place  where  they  were  left  by  the  mixing 
machine.  For  this  reason  only  those  masses  situated  at  the  contact 
points  become  efficient  as  a  binder.  A  microscopic  examination  of  a 
flour  or  dextrine-bound  core  shows  that  certainly  not  less  than  60  per 
cent  of  the  material  is  inactive  as  a  binder  and  is  located  in  such  a  way 
that  it  tends  to  block  the  vent  passages  by  giving  the  grains  of  sand  a 
rough  instead  of  the  smooth  varnished  surface  given  to  the  grains 
by  oil. 

60  Action  of  Resin  and  Pitch  in  Binding  Sand,  Both  resin  and 
pitch  bond  sand  by  melting  and  flowing  over  or  between  the  grains, 
collecting  to  a  certain  extent  at  their  contact  points  as  the  core  cools, 
but  they  are  not  so  efficient  as  is  oil.  Resin  and  pitch  do  not  enter 
into  combination  with  clay,  but  their  binding  power  is  added  to  what- 
ever power  the  clay  may  have.  When  such  a  core  comes  in  contact 
with  the  molten  metal  in  the  mold,  the  carbon  material  of  the  resin  or 
pitch  is  burned  out,  which  disintegrates  the  core,  thus  making  it  possible 
to  clean  it  from  the  casting;  while  if  clay  or  natural  bond  alone 
were  depended  upon  the  bond  would  be  hardened  instead  of  softened, 
and  it  would  be  impossible  to  clean  it  from  the  casting. 
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70  Adian  of  Molasses  in  Binding  Sand.  The  action  of  mobases 
in  a  core  depends  upon  the  rate  of  drying  and  the  tempentore. 
Under  ordinary  core-oven  conditions  where  cores  are  put  into  a  hot 
oven,  the  water  is  quickly  expelled  and  the  molasses  brought  to  the 
boiling  temperature.  When  it  reaches  the  consist^OM^y  of  ordiDary 
molasses  candy,  it  boils  up  in  a  similar  manner  and  then  hardens  in 
thin  plates  connecting  the  sand  grains  into  a  more  or  less  intricate 
system,  and  with  the  carbon  exposed  in  exceedingly  thin  suifaceB, 
though  of  course  some  of  it  dries  at  the  contact  points.  If  the  core 
is  taken  from  the  oven  at  the  critical  point  just  as  these  plates  are  in 
their  strongest  condition,  it  will  be  found  to  be  strong  and  aervkseable; 
but  if  taken  out  too  soon,  it  will  not  have  developed  suflicient  stROgth 
to  give  a  strong  core,  and  if  left  in  the  core  oven  a  little  too  long  the 
carbon  will  have  become  rapidly  oxidized  and  the  strength  of  the  core 
will  fall  off.  For  these  reasons  a  molasses  core  is  exceeding^  sensitive 
and  with  ordinary  existing  core-oven  conditions  it  is  practically  impoe- 
sible  to  produce  uniform  results. 

71  Action  of  Glutrin  in  Binding  Core  Sand.  The  compounds 
contained  in  glutrin  are  of  such  a  nature  that  they  do  not  enter  into 
and  combine  with  clay  as  does  oil,  but  they  do  form  with  it  an  exceed- 
ingly efficient  emulsion  and  tend  to  carry  it  from  the  faces  of  the  sand 
to  the  contact  points.  In  drying,  glutrin  behaves  more  like  oil  in  that 
it  tends  to  flow  to  the  contact  points. 

72  In  sharp  sand  without  any  clay  bond  the  fact  that  f^utrin 
lacks  the  viscosity  of  linseed  oil,  gives  it  a  tendency  to  follow  thenaois- 
ture  to  the  surface  of  the  core.  In  a  mixtiu*e  of  clear  sharp  sand  a 
glutrin  core  will  tend  to  have  a  very  hard  skin  and  a  soft  interior.  This 
is  well  illustrated  in  the  microphotograph  shown  in  Kg.  11,  ^cb  is 
a  core  made  with  clear  Rockaway  Beach  sand  and  glutrin  in  the  ratio 
of  I  part  of  glutrin  to  50  parts  of  sand.  The  glutrin  tended  to  sweat 
to  the  surface  of  the  core,  giving  a  hard  surface  as  shown  by  the 
darker  material  along  its  face.  The  main  body  of  the  sand  was 
bound  fairly  well  but  this  dense  layer  on  the  outer  surface  interferes 
with  the  escape  of  the  steam  from  the  interior  toward  the  latter  part 
of  the  drying  operations  and  may  result  in  an  imperfectly  dried  core. 
Attention  is  called,  however,  to  the  exceedingly  open  character  of  the 
core  itself. 

73  This  sweating  tendency  is  entirely  overcome  by  introducing 
from  i  to  1  per  cent  of  clay  into  the  mixture,  the  clay  and  the  ^utrin 
together  forming  a  compound  which  is  sufficiently  viscous  so  that  it 
draws  to  the  contact  points  rather  than  following  the  moisture  to 
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the  surface  of  the  core,  making  it  strong  and  at  the  same  time       ^ 
which  does  not  have  the  vent  passages  stopped.    Glutrin  can     ^ 
be  used  in  connection  with  oil  in  clear  sand  mixtures,  as  the  oil  fjf^ 
vents  it  from  sweating  to  the  surface  of  the  core  and  the  combinatjbo 
blends  perfectly  to  form  an  efficient  bond  at  the  contract  po/ot£ 

74.  Fig.  12  shows  a  microphotograph  of  a  section  of  an  oil-sazid 
core  intended  for  gas  stove  fittings,  which  was  made  from  a  mixture 
of  22  parts  silica  sand,  three  parts  bank  sand,  and  a  commercial  or 
blended  oil  at  the  ratio  of  1  part  of  oil  to  25  parts  of  sand.  The  ex- 
ceedingly open  character  of  the  core  is  clearly  shown,  but  its  strength 
is  about  75  lb.  per  sq.  in.  in  tension.  A  core  of  this  kind  shows 
absolutely  no  tendency  for  the  binder  to  sweat  to  the  surface  and  as 
the  .sand  from  which  the  core  is  made  is  fairly  uniform  in  sise  there  i< 
a  maximum  of  voids  or  open  spaces  for  vent  passages. 

75.  Fig.  13  is  a  pitch  bound  core  intended  for  heavy  work.  The 
mixture  is  known  as  a  loam  mixture,  containing  Zanesville  loam  as  a 
base,  the  proportion  of  the  ingredients  being  as  follows:  12  parts nev 
Zanesville  loam,  14  parts  old  core  sand,  4  parts  pine  sawdust,  and  1 
part  ground  pitch.    This  firm  grinds  its  own  pitch  and  mixes  no 
dextrine  with  it,  grinding  it  fairly  coarse,  so  that  occasionally  fairiy 
large  spots  show  in  the  fracture  of  the  core.    It  is  mixed  in  a  Standard 
Sand  and  Machine  Company's  batch  mixer  with  about  II  percent 
of  water  by  weight.    When  rammed  into  the  molds  it  has  some  green 
binding  power  due  to  the  excessive  amount  of  clay  in  the  Zanesville 
loam.    The  cores  are  dried  out  in  the  neighborhood  of  350  to  400 
deg.  in  large  ovens  which  are  fired  every  night.    The  shrinkage  oi 
the  sawdust  and  the  driving  out  of  the  large  amount  of  water  gives  the 
core  considerable  vent.    The  pitch  and  loam  form  the  binders  and  a? 
the  jDitch  is  rather  coarsely  ground  some  of  it  becomes  active  when  the 
old  core  sand  is  introduced  into  the  mixture.    Probably  at  lea^^ 
50  per  cent  of  the  pitch  in  the  old  core  sand  still  possesses  binding 
power.    A  core  mixture  of  this  kind  would  only  show  a  strength  oi 
10  or  12  lb.  per  sq.  in.  find  in  some  cases  not  over  6  or  7  lb.,  so  that 
the  cores  have  to  be  strengthened  by  the  use  of  rods  and  the  face  bat 
to  be  j)rotected  by  a  blacking  mixture. 

76.  Another  core  of  very  close  composition  is  illustrated  in  Fig- 
14,  a  section  of  a  machine-made  core  intended  for  use  in  a  brawfoi^^' 
dry.  The  mixture  consists  of  32  parts  of  Del  Ray  banksand,  3- 
parts  of  Lake  sand  from  near  Buffalo,  8  parts  flour,  and  1  part  ^ 
oil;  and  is  tempered  with  about  7  per  cent  of  water  by  weight.  T*^ 
shrinkage  of  the  flour  paste  together  with  the  expelling  of  the  ^•fl-'^^ 
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gives  the  core  more  vent  than  it  appears  to  have.    The  relativ<-e// 
fine  Del  Ray  bank  sand  serves  to  close  up  the  spaces  and  prevent,  tif 
brass  from  entering  the  core.    The  combined  flour  and  oil  bond 
bums  out  at  a  relatively  low  temperature,  allowing  the  core  to  crush 
before  the  metal  and  also  facilitating  the  cleaning  of  the  core. 

77  For  cast-iron  radiators  the  cores  must  have  a  great  Bkengfh 
and  at  the  same  time  vent  with  remarkable  freedom.  Many  radia- 
tor  companies  are  using  relatively  coarse  sands  in  their  mixtures.  A 
microphotograph  of  a  section  of  radiator  core  made  from  a  coarse 
New  England  sand  is  shown  in  Fig.  15.  This  sand,  however,  carries 
a  good  deal  of  fine  material  with  it  which  with  the  oO  forms  a  net- 
work between  the  larger  grains  and  to  some  esctent  stops  the  passages. 
The  percentage  of  small  material,  however,  is  not  sufficient  to  nduce 
the  vent  near  the  danger  point.  The  firm  using  this  grade  of  sand 
has  installed  a  mill  for  washing  the  old  sand  and  permitting  its  re-uae 
in  the  cores. 

78  Fig.  16  shows  a  microphotograph  of  a  section  of  a  core  made 
entirely  from  the  washed  burned  sand.  The  finer  material  is  all  washed 
away  but  each  grain  of  sand  is  covered  with  a  layer  of  oil  so  that  when 
a  core  mixture  is  made  the  grains  are  primed,  as  it  were.  The  fact 
that  the  grains  already  have  an  oil  covering  and  that  there  is  no 
fine  material  in  the  washed  sand  to  absorb  oil,  has  made  it  posable 
to  produce  stronger  radiator  cores  from  washed  sand  with  the  same 
percentage  of  oil  that  is  used  in  the  new  and  unwashed  sand  cores. 

79  The  core  shown  in  Fig.  17  is  made  from  gangway  sand  witii 
glutrin  as  a  binder.    The  glutrin  sweated  to  the  surface  of  the  core, 
forming  a  hard  skin,  indicated  by  the  darker  area  near  the  outer 
edge  of  the  core.    The  interior  of  this  core  was  so  soft  that  it  voul<i 
readily  crush  before  the  metal.    These  cores  were  used  to  form  fin- 
ished faces  for  bearings  in  agricultural  machinery,  the  cores  beinS 
knocked  out  of  the  castings,  the  hole  cleaned  and  ^e  parts  assonbled 
without  machining.    The  fact  that  the  glutrin  sweated  to  the  surff^ 
made  a  hard  close  surface  which  acted  almost  as  a  chill  and  product 
a  remarkably  smooth  casting.    The  rotten  interior  gave  free  vea^- 
At  another  plant  in  the  immediate  vicinity  some  cores  were  mad^ 
from  the  same  sand  with  linseed  oil  as  a  binder  but  the  binding  rati^ 
had  to  be  very  low,  that  is,  a  large  amount  of  oU  used  to  bind    * 
given  amount  of  sand.    This  was  also  true  in  the  case  of  the  glutrin* 

80  Reactions  between  the  Sand  and  the  Binder.  A  quantity  •^^ 
gang^vay  saufl  wiis  shi])])od  to  the  laboratory  at  Covington  and  't.o' 
gether  with  other  sands  that  had  been  giving  trouble  in  different  jm^^^ 


HMKKI  H.  L&ira 


Fio.  IS    Radiatob  Cork  m 
«  bow  fla*  nwund  holda  tba  Mt  on 
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lurfiot  of  tbt  p*bbl«  amy  tran  Um  ee 


Fia.  16    Radiator  Core  vad*  rsou  Burnkd  Sand 


1  tlut  in  Flf.  Ill  wiMab 
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of  the  country  a  Beries  of  experiments  was  started.  From  the  bdutTHr 
of  these  sands  it  was  evident  that  some  action  was  going  on  vbiefc 
destroyed  the  binder,  other  than  the  mere  absorption  of  it,  which  Uia 
place  when  the  oil  unites  with  clay  and  is  rendered  inoperatiTe. 

81  To  test  the  correctness  of  this  theory  a  batch  of  gangway  aii 
and  a  batch  of  Michigan  City  sand  were  measured  and  placed  in  tn 
bottles.  As  glutrin  was  wholly  water  soluble  it  was  choocik  ■* 
a,  binder.  Three  equal  batches  of  glutrin  were  diluted  with  a  pra 
amount  of  water.    One  was  placed  on  the  Michigan  City  ni>di 


Fig.  17    Core  vade  froii  Gangway  Sand  wits  Glutrin  as  a  Bindbb,  uoW  ' 
ikq  the  swbatina  of  thb  binsbb  to  thk  suktacl 


another  on  the  gangway  sand,  and  the  third  held  in  reserve.  Aft^ 
leaving  the  binder  several  hours  each  sand  was  leached  with  wat^ 
until  all  the  binder  was  washed  out.  The  two  batches  of  glutrin  we^ 
then  concentrated  by  boiling  to  expel  the  excess  water.  They  we^ 
brought  to  the  same  volume  as  the  batch  held  in  reserve,  and  thr^ 
gets  of  cores  made,  one  from  the  glutrin  which  had  been  on  the  gm^ 
way  sand,  one  from  that  which  had  been  on  the  Michigan  City  bwc: 
and  the  third  from  that  which  had  not  been  on  any  sand. 

82    There  was  very  little  difference  in  the  strength  of  the  ooi^ 
from  the  second  and  third  batch,  but  the  cores  made  from  the  gjutntf 
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ieh  had  been  on  the  gangway  sand  were  not  one-fourth  as  strong 
the  oUierSy  showing  that  the  sand  had  destroyed  the  bonding  power 
the  g^utrin.  A  few  tests  soon  showed  that  it  was  alkaline  and  the 
lition  of  a  small  amount  of  acid  destroyed  the  alkalies. 
3  Following  up  this  clue,  two  batches  of  cores  were  made  from 
gway  sand,  in  one  case  the  sand  having  been  treated  with  acid 
leutralize  the  alkalies  and  in  the  other  it  was  left  in  its  natural 
dition.  The  acidulated  sand  produced  cores  more  than  four 
es  88  strong  as  the  other  batch.  Continuing  the  investigation, 
eriments  were  made  by  treating  with  acids  a  number  of  sands 
Dg  poor  results  with  different  binders  and  it  was  found  that  neu- 
ising  the  alkalies  with  acids  increased  the  strength  of  the  cores 
ktly.  This  is  true  both  in  the  case  of  glutrin  and  oil. 
1  Since  these  experiments  the  subject  has  been  taken  up  with 
amber  of  foundrymen  and  several  exceedingly  interesting  cases 
iig^t  to  light.  In  one  instance  a  foundry  was  purchasing  city 
er  of  a  very  pure  grade  at  a  relatively  high  cost.  To  avoid  this 
ense  an  artesian  well  was  sunk.  Immediately  trouble  appeared. 
)  cores  cut  and  washed  and  it  took  some  time  to  trace  the  difficulty, 
ally  the  city  water  was  again  used  and  the  trouble  disappeared. 
I  water  from  this  well  was  clear,  sparkling  and  tasted  good,  but 
'as  hig^  in  lithia  salts  and  evidently  contained  ingredients  which 
bined  with  the  binders  to  destroy  them. 

>  Alkalies  tend  to  saponify  oil,  thus  destroying  its  bonding  power. 
y  also  seem  to  act  on  resin,  glutrin,  and  some  other  binders.  In 
case  of  the  large  manufacturing  concerns  using  a  great  many 
and  cores  it  would  probably  pay  to  purify  the  water  for  the  core 
ci  just  as  the  feed  water  is  purified  for  the  boilers. 
i  DeUrmining  the  Active  Bond  in  Clay.  Formerly  when  a  chemist 
ived  a  sample  of  sand  for  analysis  he  determined  the  alumina, 
red  it  as  kaolin,  and  called  it  "bond."  From  various  results 
I  bonded  sands  it  became  evident  that  this  free  and  easy  method 
not  sufficient,  and  some  way  of  differentiating  between  a  fat  and 
in  clay  had  to  be  found.  Several  firms  and  different  departments 
he  Government  were  making  use  of  a  test  for  colloidal  matter, 
mists  have  long  recognized  a  series  of  amorphous  bodies  known  as 
)idB,  or  as  one  noted  chemist  writing  in  popular  vein  recently 
J,  what  in  the  laboratory  are  called  "messes." 
J  When  matter  is  in  one  of  the  colloidal  forms  it  has  intimately 
ciated  with  it  a  large  amount  of  water,  forming  what  is  termed 
gel."    The  soluble  colloids  are  called  "sols."     Certain  clays  are 
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far  mojre  plastic  and  have  greater  binding  powers  than  othos,  omu  #•  | 
has  alwa3rs  been  known  that  heat  destroyed  this  binding  power.  It 
is  now  certain  that  in  these  clays  at  least  a  portion  of  the  alumimi 
is  in  the  colloidal  form.  For  decades  the  best  days  have  beea  foimd 
in  the  secondary  deposits  where  they  had  been  associated  with  orguie 
matter,  but  these  properties  have  been  found  even  in  the  old  fir^ 
clays  of  the  coal  measures.  When  first  exposed,  these  are  inaoom- 
pact  form  much  of  the  water  having  been  expressed  or  driven  oat  I7 
pressure,  and  when  exposed  to  the  weather  they  absorb  moirtaR. 

88  A  splendid  example  of  colloidal  clay  is  found  in  the  MiaoflVIN 
River.  The  Ohio  and  the  upper  Mississippi  both  flow  throuf^  oU 
rock  formations  while  the  Missouri  and  particularly  the  north  lod 
south  branches  of  the  Platte  flow  through  more  recent  gedopcal 
formations.  These  formations  are  rich  in  a  highly  colloidal  diy, 
which  when  it  comes  into  suspension  in  water  remains  indefiniteir* 
Engineers  had  long  puzzled  over  the  fact  that  the  water  at  themontb 
of  the  Mississippi  became  clear  as  soon  as  it  left  the  mouth  of  the  river, 
but  the  explanation  is  exceedingly  simple.  The  salt  water  of  the 
sea  destroys  the  colloids  and  allows  the  mineral  matter  to  settle 
rapidly.  Those  familiar  with  the  old  Mississippi  steamboat  ixfl 
will  recall  that  the  water  supply  for  those  boats  was  obtained  by  punv 
ing  the  muddy  water  into  tanks  and  introducing  a  little  alum.  The 
colloids  were  thus  destroyed  and  the  mud  quickly  settled. 

89  The  only  test  for  colloids  of  which  there  is  any  record  la  the 
one  used  by  several  departments  of  the  Government  and  a  number  of 
firms  in  this  country,  and  is  founded  gn^fexperiments  carried  on  ^^ 
Germany.  Tp 

90  The  aniline  dye  known  as  malachite  'green  is  used  tat  this 
purpose.  A  given  amount  of  malachite  green  is  weighed  out  9Di 
dissolved  in  400  or  500  cu.  cm.  of  water.  Into  this  from  10  to  20  grana* 
of  the  sand  or  clay  to  be  examined  is  introduced  and  the  whole  i^ 
shaken  in  a  shaking  machine  for  an  hour.  The  bottle  contaioiDgtb^ 
material  is  then  taken  out  and  the  solid  matter  allowed  to  settle  to 
the  bottom.  A  portion  of  the  liquid  above  the  solid  matter  is  diawi^ 
off,  placed  in  a  color  tube,  and  compared  with  the  dye  diluted  with  tb^ 
same  amount  of  water  which  was  used  in  making  the  ori^^nal  aolutioi^ 

91  The  amount  of  dye  absorbed  by  the  colloidal  matter  in  tb^ 
sand  indicates  the  bond  present  in  the  sand.    Table  1  showsaaeii^^ 
of  colloidal  readings  on  a  group  of  sands  examined  under  the  dire^^ 
tion  of  the  author.    A  sample  of  kaolin  was  taken  as  100  per  ^^^^ 
imd  other  sands  were  compared  by  the  amount  of  dye  they  irottl^ 
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i  number  of  cla3rs  have  since  been  found  that  run  consider- 
100  per  cent. 

8  scale  has  served  to  compare  the  different  sands  in  the 
but  before  a  method  of  this  kind  becomes  general  through- 
untry  some  standard  should  be  fixed.  The  readings  given 
Ae  represent  only  a  small  portion  of  the  determinations 
will  be  noted  that  the  materials  may  be  grouped  into  three 
!*he  first  three  samples  tested  represent  washed  silica  sands 
>ximately  the  same  colloidal  reading;  the  next  five  represent 
tke  sands  from  the  shores  of  the  Great  Lakes.  All  of  these 
riven  sands  with  about  the  same  colloidal  reading. 

TABLE  1    COLLOIDAL  READING  ON  SANDS 

N»me  Bono 

BE  core  sand,  Bethlehem,  Pa 2.17 

awa  silica  sand,  Ottawa,  111 2.30 

Derby,  England 2.50 

Faribault,  Minn 6.02 

Sauk  Center.  Minn 5.21 

ity  core  sand 6.27 

kch  lake  sand,  Buffalo,  N.  Y 6.30 

,  Buffalo  Am.  Rad.  Co 5.43 

Falkirk,  England 10.66 

Falkirk,  England 10.81 

ke  sand,  Flint,  Mich 10.70 

I  sand,  Faribault,  Minn 10.80 

land;  Duquesne  Steel  Fdy.  Co 10.84 

ore  sand,  Birmingham.  England 15.38 

Rochester,  Mich 21.63 

ig  sand,  Faribault,  Minn 32.60 

ind,  Moline,  111 43.50 

sand,  Hainesport,  N.  J 53.43 

icr  and  Amend 107.60 

5se  are  followed  by  five  core  sands  which  would  ordinarily 
red  as  fairly  sharp.  The  first  two  are  English  core  sands; 
s  the  Manistee  sand  as  used  at  Flint  and  Detroit,  Mich, 
ng  on  the  old  molding  sand  given  fourth  is  not  to  be 
upon  for  its  original  colloidal  reading,  since  the  use  of  a 
ys  changes  the  colloidal  content,  the  colloids  themselves 
ally  destroyed.  Burnt  sand,  however,  generally  contains 
'hich  will  destroy  the  dye  and  so  give  an  apparent  colloidal 
The  old  molding  sand  really  had  very  little  bond,  though 
lal  or  dye  reading  would  place  it  in  a  class  having  a  fair 
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amount.  Another  case  of  a  burnt  sand  is  given  near  the  bottom  of 
the  table,  this  being  the  same  gangway  sand  from  Moline,  BL,  wikb 
which  the  tests  in  acidulated  sand  were  first  carried  on.  There  vii 
absolutely  no  colloidal  matter  in  this  sand.  This  and  other  tests  led 
to  the  belief  that  the  dye  reading  was  to  be  depended  upoQ  wha 
applied  to  new  sands  in  the  condition  in  which  they  are  dug,  but  does 
not  apply  to  material  which  has  been  exposed  to  molten  metal.  Tlie 
very  high  colloidal  reading  of  Lumberton  sand  is  to  be  expected,  as 
this  contains  a  very  large  percentage  of  clay. 

94  The  behavior  of  many  of  the  sands  tested  when  made  into 
oil-sand  cores  showed  very  conclusively  that  the  dye  test  gives  ft 
good  idea  as  to  the  amount  of  oil  which  would  be  destroyed  by  the 
sand.  Apparently  the  dye  reading  gives  not  only  the  colloidal  matter 
which  will  destroy  the  oil,  but  in  the  case  of  old  or  burnt  sands  gives 
a  fair  indication  of  the  amount  of  alkali  or  other  material  praeot 
which  would  destroy  the  oil.  This  was  noted  in  connection  with 
the  gangway  sand  from  Moline.  Further  tests  will  be  made  aloDgthe 
line  of  examining  sands  and  studying  the  relationship  between  the 
natural  bonding  power  and  the  colloidal  reading  as  given  by  the  dye 
tests.    Thus  far  this  seems  to  be  the  best  test  found. 

95  Action  of  other  Binders  on  Oil,     When  an  oil  is  used  as  a  bond  U 
is  not  only  destroyed  by  any  clay  or  colloidal  matter  present  but  may 
also  be  destroyed  by  other  ingredients  used  as  binders.    Where  green 
strength  is  required  in  a  core,  foundrymen  frequently  introduce 
flour  or  dextrine  into  oil-sand  mixtures.    The  oil  first  combines  with 
the  flour  to  form  an  oil-flour  paste  which  has  very  little  bonding  power* 
but  when  so  held  it  is  not  in  a  position  to  act  as  a  binder  between  the 
sand  grains.     In  consequence  what  happens  in  a  mixture  of  this  )aod 
is  that  a  portion  of  the  oil  unites  with  the  flour  and  is  itself  destroyed 
for  binding  purposes.    At  the  same  time  it  renders  the  flour  le00 
efficient  than  it  would  be  had  it  been  mixed  with  water.    The  balance 
of  the  oil  can  act  in  its  usual  manner  between  the  sand  grains. 

96  Testing  Binding  Power  of  Liquid  Binders.  The  final  binding 
power  of  any  compoimd  is  measured  by  the  solid  bond  left  in  tb* 
baked  core.  Paint  chemists  test  their  oils  by  dr3dng  them  down  to  ^ 
film  and  seeing  what  percentage  of  weight  has  been  lost  in  this  aetioi^' 
In  the  case  of  Table  2  the  binders  shown  in  the  column  at  the  le#^ 
were  each  weighed  out  into  porcelain  crucibles  and  first  placed  in 
air  bath  and  subjected  to  a  temperature  of  100  d^.  cent,  or  212 
fahr.  for  24  hours  and  then  weighed.  These  results  are  entered  in 
second  column.    The  crucibles  were  next  placed  in  the  core  oven 
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«i  temperature  of  400  deg.  for  1  hour  and  again  weighed  and  the 
swults  indicated  in  colunm  three.  Some  of  the  crucibles  were  then 
setumed  to  the  core  oven  for  another  hour,  exposed  to  a  heat  of  410 
deg.,  cooled,  and  again  weighed  and  the  results  recorded  in  the  fourth 
column.  The  samples  were  then  all  heated  in  the  air  over  a  blast 
lamp  to  bum  off  the  carbon,  and  the  percentage  of  ash  is  recorded  in 
the  fifth  colunm. 

TABLE  1   DSTBRinNATION  OF  SOUDS  IN  LIQUID  CORB  BINDERS 


Nuno 


!  Dried  34        Dried  1  ;     DriMll 
Houn  atSl2  Hour  at  400<Hour  at  410 


Dec.Fkhr.   Dec.  Fahr. 


Dec  Fahr. 


Burned  to 
Aah 


CUatrtn 51.47 

oU !  100.22 

oU 93.40 

oil 100.9i 

DiAod 100.52 

oU 72.06 

ioU 100.72 

oil 100.08 

LHhttaroa 31.18 

HeATjtaroa 07.21 

BartBoU 62.89 

Omktftroll 51.83 

RMlaoa 63.64 

Chin  wood  oil ida^ 


41.98 
96.98 
90.23 
06.45 
92.70 
83.36 
96.35 

96.08 
11.65 
38.27 

19.59 

34.32 


10.12 
98.75 


96. 


94.26 
91.25 
10.40 
93.12 

94.10 


8.03 
0.22 
0.54 
0.65 
1.20 
0.11 
0.42 

0.07 
0.09 
0.06 

0.06 

0.06 

0.03 
0.03 


Remarlu 


Skin 
No  tkin 
Skin 
No  skin 
No  ekin 
No  skin 
No  tkin; 

crawled 
Noekin 
Sllok  crawled 
No  tkin; 

crawled 
Noekin; 

crawled 
No  akin; 

crawled 

very  much 
No  skin ; 

crawled 
Skin 


97  Under  the  head  of  Remarks  a  statement  is  given  as  to  the 
behavior  of  the  liquid.  Most  of  it  dried  down  to  a  skin.  The  first 
exception  to  this  was  raw  linseed  oil;  and  the  reason  was  that  even 
when  painted  as  a  film  on  wood  it  takes  at  least  4  days  for  it  to 
dry.  There  was  evidently  not  a  sufiiciently  free  admission  of  air  in 
the  oven  to  dry  down  the  bulk  of  oil  in  the  crucible. 

08  Drying  of  Raw  Linseed  Oil.  The  appearance  of  the  sample  of 
raw  linseed  oil  after  it  had  been  in  the  core  oven  1  hour  at  400  deg. 
is  shown  in  Fig.  18.  Had  this  oil  been  evenly  distributed  through  a 
body  of  sand  there  would  have  been  sufficient  circulation  through  the 
body  of  sand  completely  to  oxidize  it.  These  tests,  however,  show 
that  while  raw,  linseed  oil  is  one  of  the  strongest  binding  oils  we  have; 
it  is  nevertheless  a  very  slow  drying  oil,  and  hence  pure  linseed  oil 
cores  would  probably  take  longer  to  dry  than  those  made  from  other 
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Haw  Linseed  Oil  Tested  fob  DHViNa  QoALiTtn 


Fio.  19    CuifiA  Wood  On.  Tkstbi>  fok  Dhiino  Qualit«» 
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L    Drying  China  Wood  Oil,    The  appearance  of  the  surface  of  the 

in  the  case  of  some  of  the  oils  after  test  No.  2  is  interesting. 

19  shows  the  China  wood  oil  made  from  the  tmig  nut  which 

ra  in  China.    This  is  a  relatively  new  oil  in  this  country,  and  par- 

8  at  once  of  the  nature  of  an  oil  and  a  varnish  gum,  being  to  some 

nt  a  natural  varnish.    It  contains  its  own  driers,  so  that  it  dries 

n  fairly  readily.    It  will  noticed  under  the  tests  in  the  second 

mn  that  China  wood  oil  gained  2.2  per  cent  in  weight  by  oxidation 

n  exposed  to  a  temperature  of  212  d%.  fahr.    Several  of  the  oils 

led  sUghtly,  but  Chma  wood  oil  leads  them  all  in  this  respect.    It 

showed  the  greatest  percentage  of  weight  after  one  hour  in  the 

oven  and  the  film  was  strong  and  tough.    When  tested  as  a 

ling  oil  it  gave  excellent  results. 

K)  Drying  of  Light  Tar  OH.  The  light  tar  and  a  number  of  simi- 
»ils  crawled  up  the  face,  of  the  crucible  and  dried  down  to  a  hard 
h1  film.  The  crucible  containing  the  light  tar  oil  as  photographed 
*  the  test  recorded  in  column  2  is  shown  in  Fig.  20.  This  oil  had 
only  11.65  per  cent  of  its  original  weight  as  a  bonding  medium. 
i  oils  arc  used  as  blending  oils  in  liquid  core  compounds. 
1     Drying  of  Boiled  Linseed  Oil,    The  boiled  linseed  oil  dried 

I  to  a  film  in  the  air  bath  as  would  be  expected,  on  account  of  the 
that  it  contaiiLs  artificial  driers.  The  appearance  of  the  film  of 
soiled  oil  after  the  test  recorded  in  column  3  is  shown  in  Fig.  21. 
aerly  the  term,  boiled  oil,  meant  linseed  oil  which  had  been  boiled 
)en  kettles  exposed  to  the  air  so  as  partially  to  oxidize  it  and  cer- 
mineral  oxides  were  added  to  it.  Such  oil  when  used  for  mixing 
ts  dried  down  to  a  film  much  more  rapidly  than  raw  oil.  Today 
tically  all  of  the  boiled  oil  on  the  market  is  a  compound  which 
been  heated  to  a  certain  temperature  below  that  of  the  boiling 
t  of  linseed  oil  and  had  various  so-called  driers  added  to  it. 
:h  chemists  caU  catalysts.  That  is,  they  are  in  this  case  bodies 
ng  the  property  of  taking  oxygen  from  the  air  and  delivering  it 
iie  oil  to  hasten  its  oxidation  or  drying.  The  boiling  of  linseed 
Q  a  kettle  or  the  making  of  so-called  boiled  oil  by  adding  driers 
ens  its  setting  or  drying  by  partially  oxidizing  the  material, 
ce  a  lower  ultimate  bonding  power  would  be  expected  from  such 
•il,  and  results  seem  to  show  that  this  is  true.    For  this  reason, 

II  considered  purely  from  the  standpoint  of  an  efficient  bond  a 
oil  is  better  than  a  boiled  one. 

12  Effect  of  a  Sticky  Oil  an  Pieceivark,  The  author  ran  across  an 
resting  condition  where  the  pieceworkers  in  a  core  room  claimed 
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Via.  20    Light  Tar  Oh  Tested  for  Drtiwo  QiULiTm 


Fia.  21    UoiLED  LiNBKBD  Oil  Tested  roR  DsTtNa  QdauIU* 


HBNBT  M.   LANS  771 

^ey  could  not  make  a  good  output  when  using  raw  oil,  since  it 
led  the  boxes  more  rapidly  than  boiled  oil.  The  chemist  in 
e  stated  the  reason  was  that  the  raw  oil  contained  mucilagi- 
'foots''  which  had  been  taken  out  of  the  boiled  oil.  Several  oil 
ists  claun  that  in  the  modem  process  of  boiling  oil  everything  m 
siw  oil  is  to  be  found  in  the  boiled  oil,  but  that  the  mucilaginous 
-iai  may  be  partially  eliminated  by  combining  it  with  driers. 
1  Linseed  Oil  *' Foals"  Practically  all  linseed  oil  is  now  made 
e  hot  pres&ing  process,  and  as  it  comes  from  the  press  contains 
exceedingly  fine  meal,  which  settles  to  the  bottom  of  the  oil 
^  tanks  and  is  known  as  foots.  After  the  clear  oil  has  been 
1  off  that  at  the  bottom  containing  the  foots  is  used  as  a  core 
r  many  foundrymen.  It  has  high  binding  power  but  tends  to 
to  the  boxes. 

:  Comparison  of  Molasses  and  GlvJtrin  Films.  Before  leaving 
abject  of  the  tests  made  to  determine  the  amount  of  binding 
r  in  the  various  materials,  it  may  be  well  to  illustrate  the  films 
y  glutrin  and  molasses.  Fig.  22  shows  the  glutrin  film  which 
down  to  a  compact  mass  very  much  like  the  oils.  This  explahis 
glutrin  cores  do  not  swell  in  baking,  but  retain  their  size  and 
I  so  that  the  baked  core  if  it  has  been  properly  supported  during 
g  can  be  returned  to  the  box  after  drying  and  will  fit  perfectly 
23  shows  the  film  left  by  molasses.  The  liquid  boiled  to  the  top 
)  crucible  forming  a  rough  mass  composed  of  bubbles.  This  is 
molasses  cores  are  frequently  distorted  during  baking. 
I  Fineness  Tests  on  Sands.  It  has  already  been  stated  that  the 
f  the  grams  of  sand  should  be  as  uniform  as  possible  if  the  core 
have  the  maximum  amount  of  venting  space.  The  various 
examined  were  all  tested  for  fineness  and  the  results  given  in 
)  3.  The  amount  recorded  in  each  column  is  that  which  remained 
e  sieve  of  the  size  given  at  the  top  of  the  column.  The  percent- 
f  material  passing  through  the  100-mesh  sieve  is  recorded  in 
)Iumn  headed,  lOOf. 

>  The  fineness  number  given  in  the  righthand  column  is  arbi- 
,  and  is  intended  for  the  comparison  of  different  sands.  It  was 
ed  in  the  following  manner:  The  percentage  which  remained 
ch  sieve  is  multiplied  by  the  number  of  the  sieve  through  which 
jsed,  with  the  exception  of  that  which  remained  on  No.  20. 
is  also  multiplied  by  20  so  as  not  to  introduce  a  great  error. 
3  products  are  all  added  and  divided  by  the  amount  of  sand 
I  which  gives  the  fineness  number. 
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Fio.  22    Gldtbim  Dkied  Down  to  a  Fiui,  Showino  No  gwnuin 


':"^^. 


Fio,  23    Molasses  Dbied  Down  to  a  Filu,  SHOwitJO  Uow  it  Snu**^ 
Fill  tbe  Entire  Crucible 
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TABLE  S    FINENESS  TEST 

20  40     eo  80  100  loot 

dbank 3.7  11.6  17  11.6  18.7  40.6  68 

leach 0.7  14.5  46  23.6  11  2.7  47 

tycore 0.5  9.8  41.5  35.75     9.56  1.8  50 

:,aeveland 6.3  59.6  22.3  5.0       2.6  8.1  30 

and 2.8  30  11.0  4.9  10.8  41.7  64 

laeore 0.1  1.7  30.7  38.0  22.3  6.7  60 

bee,  Mich 0.2  4.3      9.8  12.3  12.4  60.7  83 

38ter,Mich 0.1  45.7  50.2  3.3       0.1  0.9  32 

,  England 2.0  16.5     9.6  10.2  22.7  40.0  72 

Ingland 0.3  10.1  10.3  10.6  23.7  42.5  74 

ifield,  England 0.1  6.3     7.2  10.7  27.9  43.6  77 

[oline,  111 1.8  7.9  10.9  9.6  12.5  55.7  78 

upgh.  Pa 5.3  42.6  37.0  5.1       4.4  5.0  27 

lo,  N.y 3.1  32.0  38.5  11.8       5.2  8.2  42 

o,  N.  Y 0.1  12.6  33.7  24.4  21.6  7.8  56 

0,  N.Y 6.3  71.8  20.1  0.8       1.0  0.1  26 

Sland 7.6  32.3  32.5  12.9       7.7  5.0  40 

Milt,  Minn 0.2  2.5  38.2  33.4  17.6  7.1  57 

ya,Ill 0.1  72.8  21.6  3.1       0.8  0.7  26 

and 2.5  8.3  46.5  27.3  10.5  3.1  49 

PhUadelphia/Pa 9.0  34.5  24.1  9.1  12.6  9.1  41 

rille,  0 6.0  44.0     2.7  9.1  15.4  20.0  40 

nesTille^O 41.1  31.5  15.2  3.3       1.7  6.5  30 

nesville^O 0.6  1.2     0.4  0.3       1.1  95.1  97 

a,  Millington,  111 0.1  56.7  23.8  6.5       5.7  6.7  36 

[illington,  111 4.3  48.6  20.7  5.8       6.8  13.4  41 

3enter,Minn 2.4  6.0  19.2  19.5  17.5  33.9  69 

ingCo.'siake 0.1  4.35  19.1  34.05  31.2  10.75  58 

ik«  Detroit,  Mich 1.5  0.55    5.1  5.75  21.15  55.05  76 

::k>vington,  Va 9.4  32.6  26.9  16.2       6.9  6.8  41 

EUver 0.5  2.2      6.5  6.5  13.5  69.8  88 

^ach 0.1  8.7  34.6  36.7  14.2  5.1  54 

k 0.1  6.6  44.8  33.6  12.6  1.6  60 

re,  Millington,  111 0.1  46.1  25.2  7.2       1.2  19.3  44 

p 0.1  30.5  48.5  13.9       2.1  3.6  39 

land,0 12  7  26.4  27.3  7.2       6.0  20.2  48 

ig,  Cleveland,  0 13  8  25.5     9.2  4.5  3.8  42.0  59 

r,Mich 2  0  38.4  42.3  9.2       3.5  3.2  36 

0.7  1.2  14.1  103       9.9  62.3  82 

i]and,0 17.1  36.2  23.2  11.5       5.3  5.5  87 

ik,  Del  Ray,  Mich...    0.2  0.9      5.3  10.5  25.1  57.1  86 

'eland,0 31.5  24.3  14.2  6.2       7.2  15.4  42 

land,  0 6.0  10.8  14.8  11.1  21.1  34.4  67 

eland,0 418  32.1  20.5  3.8       0.2  1.0  26 

::Jleveland,  0 2.2  7.9  12.6  9.8  13.5  52.8  76 

land,  0 14  5  5  17.7  7.8  19.8  57.0  86 


774        TBE   COBB   boom:     FTB   BQUIPMBMT  AMD   ICANAOBmR 

TABLE  8    FINENESS  TEST-CoH. 
Sand  llMh  ^^^^ 

SiUca,  Cleveland,  0 3.8  37.8  40.4  10.8  4.2  3.4  K 

Sharp,  Cleveland,  0 2.6  5.6  29.3  39.1  19.8  S.S  SI 

Bank,  Chicago,  111 0.1  7.4  40.4  28.6  19.2  4.0  il 

Custer  Park,  Custer  Park,  111 0.3  6.9  29.8  19.8  18.2  24.7  M 

SiUca,  Cleveland,  0 0.1  6.1  42.4  36.2  13.8  1.7  11 

Bank,  Cleveland,  0 4.1  13.2  18.1  18.8  19.0  81.7  8 

Silica,  Cleveland,  0 0.1  54.4  34.0  5.9  8.1  2.0  U 

107  It  is  interesting  to  note  that  most  of  the  saads  adopted  by 
foundrymen  through  experimental  work  have  very  nearly  mufcnn 
sized  grains,  or  at  least  will  leave  more  than  half  of  the  sand  cm  two 
consecutive  sieves.  For  instance,  the  Michigan  City  core  sand,  the 
third  in  the  column,  has  over  75  per  cent  of  its  sand  on  the  60  and  80- 
mesh  sieves;  the  washed  Ottawa  silica  sand  has  72.8  per  cent  of  its 
grains  on  the  40-mesh  sieve,  and  21.6  per  cent  on  the  OO-mesh  sieve, 
or  over  94  per  cent  of  the  sand  on  two  consecutive  sieves.  TbeDel 
Ray  bank  sand  so  extensively  used  by  brass  foundries,  is  ezoeedin^y 
fine,  55  per  cent  of  it  having  passed  the  100-mesh  sieve.  Asseea  under 
the  microscope  the  grains  are  clean  and  rounded  so  that  it  has  con- 
siderable vent.  One  of  the  fine  sands  used  in  the  East  is  the  Provi- 
dence River  sand,  and  of  this  69.8  per  cent  passed  the  lOO-mesh  sieve. 

108  Specifications  for  Core  Sand,  More  investigation  along  this 
line  and  the  cooperation  of  manufacturers  will  result  in  specificatioDS 
for  core  sands  for  different  classes  of  work.  These  specificatioDi 
should  include  the  relative  fineness,  the  percentage  of  bonding 
material  which  will  destroy  oil,  as  determined  by  the  dye  tesi  to 
colloids  or  some  other  test  to  be  determined  later,  and  the  percentage 
of  alkalies  or  lime. 

109  Mineral  Composition  of  Sand  Grains  and  its  Effect.  A  gpod 
core  sand  should  be 'free  from  shale  or  limestone  pebbles  if  it  is  to  te 
used  with  oil,  since  the  shale  is  Uable  to  form  a  fluxing  ingredient. 
For  some  classes  of  grey  iron  work,  sands  carrying  a  considenble 
percentage  of  limestone  pebbles  are  used.  These  sands  cannot  be 
used  with  oil,  but  can  be  used  with  pitch  compounds  or  ^utrin.  The 
first  time  they  are  exposed  to  molten  metal,  however,  the  lime  whicfc 
is  next  to  the  easting  will  be  burned  to  quick  lime.  This  will  wboB 
in  a  considerable  volume  of  carbon  dioxide  gas  which  must  pass  oat 
through  the  vent,  but  the  burning  of  the  limestone  to  quick  lime  wiD 
partially  disintegrate  the  core  and  make  it  easy  to  clean.  D  any  o« 
this  old  core  sand  is  used  in  the  new  mix,  the  quick  lime  contained  m 
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leeomes  a  rather  efficient  binder,  acting  much  as  does  flour  or  starch 
that  only  the  portion  of  the  lime  m  contact  with  the  sand  grains 
affected,  the  balance  of  it  simply  stopping  up  the  vent. 

110  At  least  two  large  foundries  are  making  extensive  use  of  a 
re-sand  mixture  containing  heavily  bonded  loam  sand  and  a  quan- 
y  of  limestone  pebbles.  For  some  classes  of  very  heavy  work  no 
tificial  binder  is  used,  the  clay  in  the  new  sand  and  the  quicklime 
the  old  sand  being  depended  upon  for  that  purpose.  It  is  necessary 
such  cases,  however,  to  give  the  cores  a  coat  of  blacking  in  order 
peel  the  castings,  and  in  making  up  the  cores  a  large  amount  of 
ke  has  to  be  used  to  form  vent  passages. 

111  Effect  cf  Moisture  an  Volume  of  Sand.  In  experimenting 
th  a  wide  range  of  binders  several  sands  representing  different 
pes  were  selected  as  standards  and  cores  made  with  each  series, 
le  Ottawa  silica  sand,  Michigan  City  sand,  and  the  Rockaway 
'ach  sand,  were  three  types  of  sharp  sands,  or  sands  carrying  com- 
ratively  little  bond,  selected.  One  day  the  man  making  the  cores 
sorted  that  from  a  measured  amount  of  sand  he  was  obtaining  more 
res  than  formerly.  Upon  investigating  it  was  found  that  he  had 
Icen  one  batch  of  sand  from  the  bottom  of  a  bin  of  Michigan  City 
id  where  it  was  wet  and  the  next  from  the  top  of  the  adjoining  bin 
lere  it  was  dry.  To  see  if  this  would  explain  the  matter  a  quantity 
dry  Michigan  City  sand  was  measured,  10  per  cent  of  water  by 
lume  added  to  it,  the  mass  mixed  over  by  hand,  and  an  attempt 
^e  to  put  it  back  in  the  same  measure  from  which  it  had  l)eon 
ured.  It  was  found  that  40  per  cent  could  not  be  returned  to 
3  measure.  Experiments  were  then  made  by  taking  measured 
loiints  of  sand  and  adding  first  1  per  cent  and  then  2  per  cent  of 
ter,  and  so  on  up  to  20  per  cent  or  more.  It  was  found  that  at 
t  each  addition  of  water  increased  the  volume  of  sand  until  about 
per  cent  had  been  added,  and  that  beyond  this  the  volume  began 
decrease  once  more,  until  the  volume  of  water  was  so  great  that 

sand  could  settle  out  of  it,  when  the  volume  of  sand  became 
y  nearly  the  same  as  that  for  dry  sand. 

12  The  explanation  is  simple.  In  dry  sand  the  grains  slide'piist 
h  other  imtil  the  maximum  number  of  bearing  points  are  in  con- 
t.  When  there  is  just  sufficient  water  present  to  form  a  film  over 
h  grain  of  sand^  two  grains  coming  in  contact  adhere  and  will  not 
ve  further  without  the  application  of  force.  Even  fairly  hard  ram- 
ig  will  not  drive  the  sand  back  to  its  former  volume.  This  condi- 
1  is  graphically  illustrated  in  Fig.  24.     On  the  left  there  are  two 
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graduated  cylinders,  one  containing  500  cu.  cm.  of  dry  Michigan 
City  Band  and  tiie  other  50  ou.  cm.  of  water.    On  the  right  is  shown 
the  large  cylinder  with  the  wet  sand  in  it,  and  the  10  per  cent  of  water 
having  been  mixed  with  the  sand  by  hand  and  the  material  dumped  j 
bock  into  the  cylinder.    It  filled  the  cylinder  up  to  the  780cu.cm_  _ 
mark,  an  increase  of  270  cu.  cm.  or  over  50  per  cent.    In  putting  th^^ 
sand  in,  the  cylinder  was  rapped  down  on  the  hand  as  hard  as  pos^a 


Pia.  24    CuANGE  iH  VoLCUB  OP  Sakd  Causxd  bi  thb  Addition  of  10  pa  -^^ 

CBNT  or  WATKB 

aible  without  danger  of  breaking  it.  The  results  of  experimentu  w —  ^'' 
New  England  bank  sand  and  Rockaway  Beach  sand  are  given-  '" 
Tables  4  and  5. 

113    The  practical  application  of  this  is  that  if  the  men  in   "•^e 
core  room  are  allowed  to  take  sand  as  it  comes  and  measure  it      ^y 
volume  they  will  be  getting  constantly  varying  ratios  between   **s 
sand  and  the  binder.    If  a  given  volume  of  dry  sand  is  taken  it  f^ 
contain  a  certain  number  of  grains  and  there  will  be  a  certain  taXio 
to  the  binder.    If  the  same  volume  of  wet  sand  is  taken  there  ^ 
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'.  a  very  much  smaller  number  of  grains  and  hence  a  larger  propor- 
)n  of  binder  or  smaller  binding  ratio,  which  will  result  in  a  stronger 
re,  provided  the  mixing  is  properly  done. 

114  All  core  sand  should  be  dried  before  the  binding  material  is 
xed  with  it.  If  the  core  sand  is  measured  by  weight  the  presence 
moisture  in  it  also  introduces  an  error.  Fortimately  these  errors 
td  to  make  stronger  cores  than  would  result  from  the  use  of 
'  sand,  on  account  of  the  decrease  in  the  bonding  ratio,  but  this 
rease  in  the  proportion  of  binder  is  an  unnecessary  and  increasing 
ense  which  must  be  borne. 


^U  4   TB8TB  WITH  NEW  ENGLAND  BANK  SAND  FROM  WATERBURY.  CX)NN. 


bjr  T«luM  Watar,  by  Volume 


iWater  by   Weight,  Sand  Water  Added, 


MO 
500 

no 


5 
10 
15 
30 
45 
00 
75 
90 


FtorCent 


0  77 
1.54 
2.81 
4.62 
6.9S 
0.24 
11.55 
18.80 


Volume 


500 
680 
750 
790 
880 
810 
810 
800 


Increand  in  Volume, 
Per  Cent 


18 
36 
50 
58 
66 
62 
62 
60 


TABLE  5    TESTS  WITH  ROCKAWAY  BEACH  SAND,  ROCKAWAY    BEACH 


i.  by  Volume 


500 

500 

500 

500 

500. 

600 

500 


Water. 

by 

Waier  by  Weight, 

Sand  Water  Added 

Increase  In  Volume, 

Volun 

ne 

Per  Cent 

! 

0.68 

Volume 
700 

Per  Cent 

5 

40 

10 

1.36 

740 

48 

IS 

2.04 

730 

46 

30 

4.08 

700 

40 

45 

6.12 

810 

62 

60 

8.16 

810 

62 

1000 

FloodfHl 

470 

•  • 

L15  Effect  of  Damp  Sand  on  Hand-Mixed  Oil-Sand  Cores.  In 
inection  with  the  use  of  damp  sands  an  interesting  core  is  shown  in 
§.  25.    This  was  made  from  sharp  Lake  sand  and  oil  at  the  ratio 

50  to  1.  The  sand  was  fairly  damp  when  taken  from  the  bin, 
itaining  at  least  3  per  cent  of  moisture  by  weight.  The  sand  was 
•eadonthecoremakers'  bench,  the  oil  measured  and  poured  over  it, 
d  the  batch  thoroughly  mixed  by  hand,  until  the  oil  appeared  to 

evenly  distributed.     A  little  water  was  then  added  to  temper  it 
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thoroughly  and  again  rubbed  over  two  or  three  times  by  hani  It 
was  not  passed  through  a  riddle,  however. 

116  A  batch  of  cores  were  made  from  it  and  baked.  When  they 
came  from  the  oven  small  white  spots  of  unbonded  sand  appeared  on 
the  surface  and  the  sand  could  be  poured  from  these.  The  hole 
shown  in  Fig.  25  is  less  than  -f^  in.  wide  and  a  little  over  i  in.  hi^ 
It  extends  into  the  core  for  }  in.  A  number  of  these  were  seen  all  lj>&i 
over  the  surface  of  the  core.  |  %  ss 

117  Another  batch  of  sand  was  mixed  in  the  same  way,  aad 
passed  through  a  No.  4  riddle  once.    Cores  were  made  &om  this  aad 
baked.    They  were  found  to  contain  little  spots  where  a  doien  ormore 
grains  of  sand  had  adhered  and  the  water  on  them  had  prevented 
the  oil  from  covering  them.    These  spots  of  dry  sand  fell  out  kavixB-  M> 
small  spots  on  the  face  of  the  core  and  upon  breaking  the  same  coc:^^ 
dition  was  found  to  exist  through  its  entire  body.    A  portiaiii  o(  tk:^^ 
same  batch  was  put  in  a  mixing  mill  and  ground  for  2  minuteB.    Cor^^*^ 
made  from  this  showed  perfectly  uniform  results. 

118  These  experiments  clearly  showed  two  facts :  first,  damp  «axu-^^ 
should  never  be  used  in  making  up  core  mixturesi  and  aeeond,  eor^^  ^ 
sand  should  be  ground  or  thorqug^ily  mixed  to  inmu6  the  incoipo^^  ^^' 
ation  of  the  oil  with  the  sand  and  the  covering  of  every  gnin  of  8an^ 
with  the  oil. 

119  Binders  Tested.    A  partial  list  of  the  binders  tested  is  Kivei-- 
in  Table  6.    This  contains  nothing  but  materials  from  which  bine 
ing  compounds  are  made  or  materials  used  as  binders,  without  bein, 
incorporated  with  other  materials  to  form  core  mixtures.    The 
of  the  one  donating  the  sample  is  shown  at  the  right.    In  additioi 
a  number  of  other  makers  of  core  compounds  have  furnished  sample 
of  their  standard  products.    In  this  investigation,  however,  the  undi 
lying  principles  which  govern  the  bonding  of  core  sands  are  souglic::^^ 
and  hence,  so  far  as  possible,  known  compoimds  are  used. 

120  The  results  of  one  series  of  tests  in  comparing  some  of  th^iv^ 
binders  is  shown  in  Fig.  26.    The  paraffine  oil  and  crude  oil  whics^  b 
are  frequently  used  in  core  oils  for  blending  show  no  binding 
whatever^  or  at  least  they  broke  at  less  than  1  lb.  per  sq.  in. 
black  compounds  tested  in  this  series  were  not  suited  for  use  with  tts-  ^ 
Rockaway  Beach  sand,  but  should  have  been  used  with  those 
taining  some  loam.    The  pitch  referred  to  is  what  is  known 
parolite,  a  product  furnished  by  the  Standard  Oil  Company. 
sample  of  raw  linseed  oil  was  also  tested  in  this  series,  but  could  la^^ 
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>keii  OIL  the  teating  machine  then  in  use.  Since  this  time 
nents  have  been  ined  and  oil  sand  cores  made  at  the  ratio  of 
0,  breaking  as  high  as  160  lb.  per  sq.  in.  in  tension. 

BELECnON   AND   COHPOUNDINQ   OF  CORE  klATESIALS 

Cores  for  Steel  Foundry  Work.  The  selection  of  the  proper 
ials  for  use  in  aoy  given  core  room  depends  upon  local  condi- 
as  to  supply  of  core-forming  materials  and  the  product  beii^ 
actured.  A  wider  variety  of  materials  can  be  used  inconneo- 
ith  grey  iron  work  than  in  most  other  classes  of  work. 
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Heavy  open-hearth  steel  work  requires  the  best  materials, 
the  mold  and  the  cores  must  be  made  of  silica  sand  and  nothing 
las  a  tendency  to  fuse  at  low  temperatures  can  be  employed. 
B  same  time  the  cores  must  be  of  such  a  nature  that  they  will 
readily  before  the  metal  as  it  shrinks.  This  has  brought  into 
lany  difEerent  mixtures  all  having  the  same  object  in  view, 
or  flour  and  molasses  are  sometimes  used  as  binders  and  the 
baked  until  the  bond  is  practically  destroyed  so  that  the  core 
«n.    Core  arbors  and  core  rods  are  relied  on  to  hold  the  mat^ 
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rial  together  and  the  surface  is  thickly  coated  with  a  silica  wash  ibich 
gives  a  strong  skin  to  the  core.  Such  a  core  will  usually  resist  the 
action  of  the  molten  metal  and  crush  readily  when  the  casting 
shrinks. 

TABLE  6    SOME  OF  THE  BINDERS  TESTED 
NAME  SHIPPED   BT 

Boiled  linseed  oil Spencer  Kellogg  and  Sons  Buffalo,  N.  Y 

Raw  linseed  oil Spencer  Kellogg  and  Sons,  Buffalo,  N.  Y 

Fish  oil Young  &  Kimball,  Boston,  Mass. 

Paraffine  oil Standard  Oil  Co.,  Cleveland,  Ohio 

Corn  oil Standard  Oil  Co.,  Cleveland,  Ohio 

Cottonseed  oil Standard  Oil  Co.,  Cleveland,  Ohio 

Parolito  (pitch) Standard  Oil  Co.,  Cleveland,  Ohio  . 

Light  tar  oil Atlantic    Turpentine    Co.,    Savannah,^;::: 

Heavy  tar  oil Atlantic    Turpentine  ^  Co.,    Savannah,  ^:^ 

Resin  oil Atlantic    Turpentine    Co.,    Savaiinah,  (S^ 

Resin  oil Pensacola  Tar  &  Tuijp.  Co.,  QuU  Point,  F^ 

Molasses Hill   &   Griffith  Co.,   Cincxpntilti.   Ohio 

Flour Hill  &  Griffith  Co.,  aiiciMW|fi;-p. 

China  wood  oil L.  G.  Gillespie  &  Son,  N^  "TOFk 

Blendingoil Sun  Oil  Co.,  Toledo,  Ohio^ 

Crude  oil  of  tar Pine  Turpentine  Co.,  New  Vork 

Silicate  of  soda Philadelpihia  Quarts  Co.,  Qhester,  Pa. 

Foundry  dextrine V.  C.  Bloede,  Baltimore,  Md. 

Special  dark  dextrine Com  Products  Refining  Co. ,'Waukegoo,  ill 

Special  canary  dextrine Com  Products  Refining  Co.,  Waukegon,  111. 

Filtered  whale  oil  No.  1 Harvey  &  Outerb ridge,  New  York 

Filtered  whale  oil  No.  2     Harvey  A  Outerbridge,  New  York 

Filtered  whale  oil  No.  3     Harvey  &  Outerbridge,  New  York 

Special  varnish  gum L  G.  Gillespie  &  Son,  New  York 

Michigan  resin Cadillac  Turpentine,  Co.,  Cadillac,  Mich. 

Oil  No.  1  filtered  and 

blown  whale Harvey  and  Outerbridge,  New  York 

Raw  pitch Westinghouse  Electric  Co.,   Cleveland,  Ohio 

Distillery  slop .* Cutter  Wood  Supply  Co. 

Hydrol Corn  Products  Refining  Co.,  Argo,  111. 

Starch Corn  Products  Refining  Co.,  Argo,  HI. 

Starch B.  Remmers  &  Sons,  Bourse  Bldg.,  Philadel 

phia 

123  Others  use  both  clay  and  sawdust  in  their  core  mixtures,  th 
sawdust  burning  out  and  allowing  for  shrinkage-and  the.clay  ado 
as  a  binder.  The  burning  of  the  sawdust  frees  the  clay  and  pennifl 
the  cleaning  of  the  core.  In  one  light-work  steel  foundry  shop^ 
core  made  of  silica  sand ,  Welsh  Mountain  clay  and  sawdust  is 
the  core  being  baked  until  the  sawdust  is  |>artially  charred. 
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124  For  work  with  great  Bhrinkage  core  mixtures  using  a  binder 
like  glutrin  which  will  sweat  to  the  surface  may  be  used  to  good  ad- 
vantage, as  a  core  of  this  kind  has  a  hard  skin  and  a  rotten  or  soft 
interior.  All  such  cores,  however,  have  to  be  baked  carefully  at  a 
wrtain  temperature  for  if  the  skin  is  burned  there  is  nothing  left  of 
^e  core.  Glutrin  is  used  in  steel  facing  sand  and  in  many  clay  and 
silica  sand  core  mixtures. 

125  Core^  for  Brass,  Bronze  and  Aluminum.  The  other  extreme 
1)  the  core  field  is  found  in  the  brass  and  bronze  foundry.  Here  the 
temperatures  encountered  by  the  cores  are  much  lower,  and  greater 
''^versity  of  santls  and  binders  can  be  employed.    In  a  case  of  this 


^***ci  what  is  needed  is  a  core  with  a  close  surface  which  is  still  free 
^^*»ting  enough  to  permit  the  mold  to  be  filled  quickly  and  the  gases 
*■**  Escape  readily. 

lS6  Clay  is  out  of  place  as  a  binder  in  brass  and  bronze  work  and 
^"^  material  used  should  be  of  such  a  nature  as  to  bum  out  at  a 
"^"tlicr  low  temperature. 

127  In  dealing  with  aluminum  a  metal  with  maximum  shrinkage 
*^<i  minimum  hot  strength  is  encountered.  This  requires  a  core 
th^t  yields  readily  and  softens  as  quickly  as  the  metal  strikes  it.  Two 
'^xarses  are  open:  to  use  a  mixture  giving  a  core  with  a  soft  interior 
•■'kd  practically  all  the  binder  on  the  surface  so  that  as  quickly  as 
*"e  surface  is  disint^rated  the  core  can  be  readily  crushed;  or  to  use  a 
•binding  material  which  softens  as  soon  as  heat  strikes  it  whether  it 
•^Ums  or  not.     Resin  is  the  only  binder  which  fully  meets  this  latter 
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requirement,  and  it  is  frequently  used  to  good  advantage  in  ahmmnm    I  '^ 
work.    These  cores  clean  out  readily  if  the  ft^gfeinp  are  taken  faom    le'-^ 
the  mold  hot  and  cleaned  out  at  once,  but  if  they  are  allowed  to  pi    1'^  col 
cool  the  resin  cores  harden  once  more  and  it  is  a^ost  impossible  to    wP^ 
get  them  out.  W*. 

128  Cares  far  Orey  Iran  and  Malleable  Iran.    For  grey  iron  or    w^^ 
malleable  work  the  core  problems  to  be  met  are  almost  infinite.  In    ^^ 
the  radiator  shops  and  in  stove  foundries  producing  gas  range  burners 
it  is  necessary  to  have  cores  which  are  exceedingly  strong  and  &e^ 
venting  and  which  will  stand  being  entirely  surrounded  by  met^ 
with  the  exception  of  a  small  print.    This  means  a  core  made  froi 
sharp  sand  and  at  present  all  such  are  of  oil  or  mixtures  of  oil 
glutrin  as  binders. 

129  Oil-sand  cores  have  one  advantage  possessed  by  few  oth 
binders,  that  a  core  made  from  clean  sand  and  oil  has  no  tendency 
absorb  moisture  and  can  be  kept  without  losing  strength  for  an  indetf^' 
nite  length  of  time.    The  writer  has  cores  in  his  possession,  now  m 
five  years  old,  made  of  linseed  oil  and  clean  sand,  some  of  which 
used  after  they  were  four  years  old  and  seemed  to  give  as  good 
suits  as  the  new  ones. 

130  A  core  for  the  most  exacting  requirements  met  by  oil-sii^^*^ 
mixtures  must  have  a  tensile  strength  of  at  least  75  lb.  per  sq.  i^^^ 
In  such  mixtures  it  is  usually  the  most  economical  to  employ  on^ff  ^ 
high-grade  materials  and  particular  care  must  be  taken  to  see  th^j 
the  sand  contains  no  loam  which  will  destroy  the  bonding  value  c:^* 
the  oil.    Linseed  oil  at  $1  per  gal.,  as  it  has  been  this  past  year,  mak^^^ 
the  cost  of  the  old  standard  binder  almost  prohibitive  and  has  Ic^^ 
f oimdrymen  to  look  for  cheaper  materials.    All  of  the  paint  and  vi 
nish  oils,  including  China  wood,  Soya  bean,  com  and  cottonseed 
have  found  a  place  in  the  core-oil  trade.     The  usual  blended  (hL^^ 
on  the  market  also  carry  resin  and  neutral  oil.    As  a  rule  the  neutr^^ 
oil  does  not  add  appreciably  to  the  binding  power  of  the  compoui^^ 
but  it  does  serve  to  carry  the  resin  into  the  mixture  and  to  give      -* 
waterproof  oil  of  sufficient  strength  for  ordinary  work  at  a  muc^^ 
lower  cost  per  gallon  than  the  old  standby  linseed.    As  linseed  o- 
however,  is  the  ultimate  standard  of  excellence  for  all  core  oils, 
firms  prefer  to  use  it  and  either  to  dilute  it  themselves  or  to  use  glutr^^ 
in  the  mixture  with  it.    In  many  grey  iron  and  malleable  foundri* 
flour  or  dextrine  is  used  as  a  binder  and  for  some  elaases  of  w( 
they  give  entire  satisfaction. 
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131    Cad  of  Strtngth  in  a  Cere.    In  solving  any  core-binder  prob- 
lem the  ultimate  cost  is  the  guiding  factor.    To  determine  the  cost 
of  a  cubic  foot  of  core  several  points  must  be  considered:  (1)  the 
strength  of  the  core  mixture  both  green  and  dry;  (2)  the  character 
of  the  surface  which  the  core  presents  to  the  metal;  (3)  the  ques- 
tion of  the  percentage  of  vent  area  in  the  core;  (4)  the  ability  of  the 
core  to  resist  moisttire;  (5)  the  ease  with  which  the  core  can  be  cleaned 
^m  the  casting:  (6)  the  character  of  the  fumes  or  gases  given  off 
during  the  baking  of  the  core  and  when  the  mold  is  poured;  (7)  the 
number  of  cores  which  a  man  can  make  in  a  day  from  a  given  mix- 
ture; (8)  the  cost  of  drying;  (9)  the  expense  of  the  rigging  involved 
^th  the  use  of  a  given  binder. 

132  The  strength  of  the  green  mixture  is  important  in  cases  where 
cores  must  stand  at  a  considerable  height  above  the  plate  during 
^'ying,  and  if  the  core  has  any  overhanging  bodies  it  must  possess 
sufficient  green  strength  to  carry  these.  Green  strength  may  be 
horded  by  using  a  bonded  sand,  that  is,  a  sand  containing  clay,  or 
^y  using  flour,  dextrine  or  some  other  glutinous  or  starchy  material 
*^  the  mixture.  The  strength  of  the  dry  core  is  governed  by  the 
^^ount  of  pressure  it  must  resist  as  the  metal  enters  the  mold.  All 
^^i^es  tend  to  float  as  the  metal  enters  and  if  not  sufficiently  rigid 
^  resist  this  tendency,  are  likely  to  be  broken  or  displaced. 

133  Cores  must  also  have  sufficient  strength  to  enable  them  to 
f^sist  handling.  The  strength  of  core  mixtures  in  use  in  the  foundries 
^  which  we  have  carried  on  experiments  varies  from  less  than  5 
^  over  100  lb.  per  sq.  in.  The  proper  strength  for  a  given  condition 
<^aii  be  determined  only  by  experience,  but  after  this  has  been  decided, 
^y  other  sand  or  binder  mixtures  can  easily  be  compared  with  the 
s^^ndard  by  suitably  testing  the  new  one.  Foundrymen  have  gen- 
^^'^y  adopted  a  bar  1  in.  sq.  and  broken  it  on  supports  12  in.  apart. 
y^is  is  suitable  for  oil-sand  and  fairly  strong  mixtures,  but  does  not 
Kive  good  results  for  mixtures  having  low  strength.  For  these  the 
^^^Usile  method  using  a  delicate  machine  is  to  be  preferred  or  bars  4 
^^  6  in.  long  and  1  in.  sq.  may  be  made  and  broken  in  the  middle. 

134  Under  the  second  heading  must  be  considered  the  character 
^f  the  surface  presented  to  the  metal,  its  ability  to  carry  off  the  air 
^^  gases  displaced  by  the  metal  as  it  enters  the  mold,  its  ability  to 
''^^st  the  cutting  action  of  the  metal  i^  it  flows  into  the  mold,  and 
^^  freedom  with  which  the  burned  core  separates  from  the  surface 
^'  the  interior  of  the  casting.  As  has  already  been  stated,  in  the  case 
^'  tnetals  which  have  extreme  fluidity  and  a  tendency  to  search  out  all 
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small  openings  in  the  core,  it  is  necessary  to  use  a  mixture  whkb 
will  present  a  close  imiform  texture,  the  voids  or  spaces  of  whieb 
are  so  fine  that  the  metal  cannot  flow  into  them.    In  the  case  of  boA 
metals  it  may  be  necessary  to  use  some  facing  or  blacking  on  the 
core  to  close  partially  the  spaces  or  voids  and  also  to  make  the  eore 
clean  out  more  readily.    Cores  for  cast-iron  water  pipe  and  a  laige 
variety  of  similar  grey  iron  work  are  given  a  coating  of  blacking  aad 
the  interior  faces  of  the  mold  made  to  peel  just  as  well  as  the  ex- 
terior.   If  the  core  itself  does  not  present  a  proper  surface  to  the 
metal  it  must  be  considered  whether  it  would  be  cheaper  to  select    s 
material  which  does  or  to  treat  the  surface  of  the  core  in  suco  a  weiOl 
as  to  improve  it. 

135  Under  the  third  heading,  the  percentage  of  venting  are^-^^ 
must  be  considered  the  size  of  the  sand  grains  and  their  charactc^^"''* 
also  the  character  of  the  bond  and  the  extent  to  which  it  blocks 
vent.    In  the  case  of  castings  which  are  entirely  surrounded  by  nu 
^vith  the  exception  of  a  small  print,  as  for  instance,  gas  stove  bumer^"^ 
the  sand  mixtures  must  have  a  maximum  amount  of  vent  and  a  mb 
imum  amoimt  of  gases  to  be  driven  out,  while  in  the  case  of  alununui 
the  metal  solidifies  so  quickly  that  a  very  small  amount  of  gases 
to  be  taken  care  of.    The  thickness  of  the  casting  that  is  to  surroi 
the  core  also  has  an  influence  on  this  as  it  determines  the  duration 
the  high  degree  of  heat. 

136  Under  the  fourth  heading,  the  resistance  to  moisture,  mi 
be  considered  the  length  of  time  the  cores  ren  ain  in  the  moh 
and  the  manner  of  handling  and  storing  them.     If  high-grade  off-'' 
sand  cores  are  used,  their  moisture-resisting  properties  are  such  th^»t 
no  ill  effects  need  be  ieared  from  leaving  them  in  the  mold  sever^ 
hours  before  it  is  poured  or  in  connection  with  their  storage,  bi.xt 
many  other  binders  show  a  tendency  to  absorb  moisture.    Whfcr* 
this  is  the  case,  if  there  is  a  considerable  saving  in  the  use  of  OD^ 
which  absorbs  moisture,  it  may  be  necessary  to  see  if  some  mcax*''* 
cannot  be  found  for  so  handling  the  cores  as  to  minimize  their  e^c- 
posure  to  moisture.     If  they  are  kept  in  a  dry  place  and  are  intro- 
duced into  the  mold  only  a  short  time  before  pouring,  there  will  be 
no  trouble  on  account  of  dampness  and  the  saving  in  the  cost  of 
binder  may  more  than  compensate  for  the  additional  handling. 

137  The  fifth  heading,  ease  of  cleaning,  is  one  of  the  importaLX*^ 
problems  in  the  expense  of  making  castings.  A  proper  core  mixtitf* 
should  rattle  out  without  any  difficulty,  leaving  a  good  innooth 
terior  surface.     If  this  is  not  so«  some  means  must  be  secured  of 
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he  surface  from  the  metal  or  of  making  the  entire  core  of  such 
ture  that  it  will  soften  under  the  action  of  the  heat.  In  the 
of  brass  and  bronze  cores,  they  are  very  largely  blown  out  by 
ing  the  hot  castings  into  water,  the  steam  formed  blowing  out 
sore.  Iron  castings  cannot  be  so  treated,  hence  the  core  must 
3mpounded  and  baked  so  as  to  clean  freely.  One  of  the  most 
non  causes  of  difficulty  in  the  cleaning  room  is  the  use  of  an 
s  of  binder  in  the  core  room,  or  the  use  of  sands  which  are  too 
ily  bonded,  that  is,  contain  too  much  clay. 

8  Under  the  sixth  heading,  the  character  of  fumes,  must  be 
idered  both  the  effect  of  fumes  in  the  core-room  and  foundry, 
t  regard  to  the  character  of  fumes,  certain  oil  mixtures  give 
ery  disagreeable  odors  after  the  cores  are  withdrawn  from  the 

and  placed  in  the  racks  to  cool.  If  less  offensive  mixtures 
h  are  equally  efficient  can  be  found  it  will  greatly  improve  the 
ing  conditions  of  the  core-room  men;  if  not,  ventilating  devices 
Id  be  provided  to  draw  these  fumes  away  from  the  coremakers. 
le  foimdry  the  importance  of  this  question  depends  to  a  large 
^  upon  the  volume  of  the  cores  used  for  each  individual  casting, 
ere  are  only  a  few  small  cores  in  each  mold  the  volume  will  not 
ifficient  to  trouble  the  workman,  no  matter  what  binder  is  used, 
f  the  mold  is  largely  composed  of  cores  it  becomes  an  important 

in  the  comfort  of  the  molders  at  pouring-off  time,  a  great 
y  castings  having  been  lost  on  account  of  careless  pouring  of  a 
ler  in  hurrying  from  the  stiffing  fumes  of  the  surroimding  molds. 
Je  oil  and  fiish  oil  give  particularly  bad  fumes  in  these  cases, 
gh  they  form  excellent  binders.  By  lighting  the  gases  as  they 
3  from  the  vents  in  the  mold  the  disagreeable  odors  can  frequently 
duced,  but  even  then  they  may  be  sufficient  to  make  a  change  of 
ing  materials  desirable. 

9  The  nmnber  of  cores  per  man  per  day  is  influenced  by  the 
icter  of  the  binder,  since  if  the  material  tends  to  stick  to  the  core 
the  workman  cannot  produce  as  many  cores  as  in  a  free  work- 
Qaterial.  In  many  binders  the  trouble  with  the  sticking  was 
1  to  be  due  to  too  strong  a  core  mixture  and  as  soon  as  the  pro- 
on  of  binder  was  reduced  the  trouble  disappeared.  In  the  cost 
ying,  the  length  of  time  it  takes  to  dry  each  different  class  of 

when  using  different  binders  determines  the  capacity  of  the 
ovens,  their  fuel  consumption,  and  the  floor  space  which  must 
ivoted  to  equipment  of  this  kind.  Quick  drying  core  mixtures 
ase  this  capacity  and  so  decrease  the  plant  expense. 
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140  High-grade  oil-sand  cores  made  from  clear  sand  ud  nl 
have  no  green  binding  power  and  hence  they  must  all  be  pionded 
with  driers  which  support  the  core  throughout  its  entire  Icagth,  or 
the  cores  must  be  bedded  in  open,  clear,  sharp  sand,  containing  no 
binder.  One  of  these  procedures  requires  a  considerable  outit?  (or 
driers  and  the  other  an  expenditure  of  time  for  bedding  in.  If  theont- 
put  from  a  given  core  box  or  pattern  is  to  be  limited,  it  mij  ftj 
better  to  use  a  mixture  having  some  green  bond,  so  that  the  eon 
may  be  allowed  to  stand  on  one  end  on  the  plate  or  be  suppoiled  in 
some  other  convenient  manner  which  will  avoid  the  TOtlaaf  d 
driers.  If  very  large  outputs  are  required  the  driers  will  be  found 
the  most  economical  course. 


Fio.  27    Core  Bux  with  Liner  for  Making  Sklf-Pabtiko  Co»b8 


141  Self-Pasiing  Cores.  Many  intricate  cores  must  be  mad';  u" 
liiilves  and  then  either  dried  on  flat  plates  and  pasted,  or  the  t«ti 
lialves  rocked  together  before  pastii^.  Ifthelatter  iadone,  thebiEoer 
must  be  of  such  a  nature  that  it  will  form  a  self-pasting  core.  HiP"' 
srade  core  oils  when  used  in  fairly  large  proportions  will  generBU) 
liind  the  two  halves  together  in  cases  of  this  kind.  In  some  f»s*' 
tiow(!ver,  the  expedient  shown  in  Fig,  27  must  be  resorted  to.  Onf 
half  uf  the  box  is  provided  with  a  thin  metal  sheet  shown  at  A  wbifii 
projects  slightly  over  the  edge  of  the  box. 

142  After  the  two  half  cores  are  made  in  the  boxes  the  meW 
]>late  A  is  lifted  off  and  the  two  halves  of  the  box  closed  togett«- 
When  ihc  halves  first  meet,  the  condition  will  be  as  representtd  i" 
I  lie  lower  jwrtion  of  Fig.  27.  As  the  box  is  closed  together,  the  P"'' 
joetions  of  sand  left  by  the  opening  in  the  plate  A  will  crush  i"'* 
the  fares  of  oarh  half  of  the  core  so  as  to  bond  thoroughly  tbe  »"" 
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two  parte.  This  device,  the  writer  believes,  was  patented  some 
ago  by  Mr.  Lee,  superintendent  of  a  department  of  the  Crane 
u>y.  In  other  cases  the  coremaker  is  careful  to  leave  the  sand 
ting  slightly  above  the  face  of  the  box  when  he  strikes  it  off 
en  when  the  boxes  are  closed  together  there  is  sufficient  pressure 
ke  the  sand  along  the  faces  of  the  core  adhere.  These  rock- 
oxes  are  now  used  in  a  number  of  different  classes  of  work  either 


MlCROPBOTOGRAPB  O 


IF  without  the  stripping  device  and  their  use  simphfies  the 
g  of  intricate  cores  and  at  the  same  time  permits  the  drying  of 
tire  core  in  one  piece. 

Where  cores  are  made  in  halves  as  shown  in  Fig.  27  and  then 
1  together,  some  form  of  block  is  generally  employed  for  press- 
vent  into  the  face  of  one-half  of  the  core.  The  introduction 
I  vent  block  swells  the  sand  on  both  sides  of  the  vent,  and  thb 
ally  sufficient  to  make  the  core  self-pasting.  A  section  of  a 
imilarly  made  is  shown  in  Fig.  28,  where  the  use  of  the  vent 
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block  in  the  lower  half  has  forced  up  iiwo  ridges  of  sand,  cau»ngthe     |  - 
two  halves  of  the  core  to  unite. 

144  Grinding   Experiments.    Concerning   the    compounding  of 
core  mixtures  the  writer  has  tried  a  great  many  experiments,  and  was 
aware  that  the  grinding  of  molding  sands  greatly  increased  th^r 
strength,  and  under  the  impression  that  a  similar  grinding  would  lad 
core  sands.    In  this  connection  a  series  of  tests  were  run  at  the  plant 
of  the  Lumen  Bearing  Company  in  Buffalo.    A  Wadsworth  mimg 
and  compoimding  mill  was  used,  having  a  pair  of  small  rolleis  numiag 
around  on  an  annular  track,  following  which  are  scrapers  that  tuns 
the  sand  over  first  one  way  and  then  the  other.    A  number  ol&f" 
feront  classes  of  mixtures  were  put  through  the  mill.    In  the  case  o i 
sharp  sands  mixed  with  oil,  grinding  in  the  mill  from  1  to  2  minut^^ 
was  found  to  be  a  decided  advantage  over  hand-mixing.    After  <S 
minutes,  however,  there  was  a  marked  falling  off  of  the  strength  of 
the  core,  due  evidently  to  grinding  the  sand  in  such  a  way  as  to  forK:** 
dust  which  absorbed  the  oil  and  prevented  its  acting  as  a  binder  betwec  «i 
the  sand  grains.    One  of  the  mixtures  tested  consisted  of  120  par^s 
of  Lake  sand,  60  parts  of  Del  Ray  bank  sand,  5  parts  by  volume  ^^f 
No.  1  Peterson's  core  oil,  and  1  part  by  volume  of  flour.    Cores  mscM.  ^ 
from  this  mixture  showed  a  strength  of  over  60  lb.  per  sq.  in.  aft^^r 
a  grinding  of  2  minutes.    A  large  batch  was  made  up,  thoroughly' 
mixed  with  the  shovel,  and  then  succeeding  parts  of  it  put  throu^a^l' 
the  mill,  grinding  the  first  2  minutes,  the  second  6,  then  15,  20, 
and  30  minutes.    Several  series  of  this  kind  were  run  and  in  each  ca^=^ 
the  initial  strength  of  the  material  was  about  60  lb.  per  sq.  in.,  whil^ 
the  final  strength  ground  30  minutes  averaged  less  than  30  lb.  per 
sq.  in. 

145  An  experiment  was  then  made  by  grinding  a  facing-sand  mix- 
ture for  dry  sand  molds.    This  was  composed  of  four  parts  of  nevr 
Zanesville  molding  sand,  52  parts  of  heap  sand,  i  part  of  glutri^^t 
and  J  part  of  dextrine.    With  this  the  strength  increased  slightly 
for  the  first  10  minutes*  grinding  and  then  remained  constant  fo*" 
grinding  up  to  30  minutes.    In  it  there  is  no  bond  that  would  t>^ 
injured  by  fine  material  as  in  the  case  of  the  oil-sand  cores  already 
(lescril)ed.     It  is  evident  therefore,  that  in  the  case  of  oil-sand  co^^^ 
all  that  is  required  is  a  thorough  mixing  or  blending  of  the  ingredicn-*^  * 
Tlie  hand-mixing  experiments  tried  at  the  same  time  showed  concX'*^'' 
sivel y  that  if  the  oil  and  water  were  not  ground  together  in  cont^^^ 
witli  tlie  sand  so  as  to  form  an  emulsion  and  to  bring  it  in  cont^"^^ 
witli  the  grains,  the  core  would  have  unbonded  spots. 
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S  The  writer  has  also  had  access  to  the  records  of  several  foun- 
using  mixing  and  compounding  mills  of  various  types  and  found 
in  all  cases  the  oil-sand  mixes  require  thorough  blending,  but 
he  better  for  not  being  ground  with  heavy  rollers.  Loam-sand 
urea  require  more  grinding  and  in  this  respect  are  similar  to 
ling  sand.  In  one  foundry  two  types  of  mills  were  in  use,  one 
adsworth  mill  like  that  used  in  tests  referred  to  above,  at  the 
en  Bearing  Company,  and  the  other  one  having  000-lb.  crushing 
tls.  The  latter  was  found  to  be  best  for  making  a  mixture 
a  bonded  sand  and  black  compound.  When  it  was  first  installed 
tically  all  of  the  old  core  sand  had  been  hauled  to  the  dump, 
common  practice  then  was  to  mix  the  sand  by  hand  with  shovels 
put  it  through  a  pneumatic  riddle  two  or  three  times.  From 
>  20  per  cent  of  old  sand  was  used  in  the  mix.  When  the  mill 
Srst  put  in  they  were  able  to  use  a  mix  composed  of  the  following: 
arts  of  old  sand,  5  parts  of  new  molding  sand,  }  part  black  core 
X)imd,  and  18  parts  of  coke  breeze.  This  was  the  refuse  coke 
led  out  of  cars  in  which  the  cupola  coke  was  received.  The 
was  first  shoveled  into  the  mill,  ground  for  between  1  and  2 
:tes,  and  then  the  other  material  was  thrown  in,  wet  down  with 
r  and  glutrin,  and  ground  for  5  minutes. 

J    After  continuing  this  practice  for  a  short  time  it  was  found 

the  sand  was  growing  weaker.    At  first  there  was  the  advantage 

large  amount  of  unbumed  pitch  in  the  black  compound  which 

ined  in  the  old  core  sand,  but  with  the  continued  re-use  of  the 

ind  this  proportion  was  decreased  and  so  the  following  mixture 

inally  adopted:  20  parts  of  old  core  sand,  3  parts  of  new  molding 

2  parts  of  sharp  sand,  6  parts  of  refuse  coke,  and  1^  parts  of 

core  compound  wet  down  with  glutrin  water  at  the  ratio  of 

glutrin  to  16  gal.  water.    This  was  run  through  a  f-in  riddle  nt 

lill  and  then  used  for  making  the  largest  of  coarse  cores.    Some 

i¥as  subsequently  run  through  a  J-in.  riddle  and  used  for  a  facing 

in  the  large  cores. 

J  The  selection  of  core  materials  will  probably  remain  for  some 
largely  in  the  hands  of  the  core-room  foreman,  but  the  writer 
lently  expects  to  see  all  of  the  larger  concerns  and  the  more 
ressive  foundries  throughout  the  country  placing  the  control 
ese  supplies  in  the  hands  of  the  laboratory,  just  as  they  have 
id  the  control  of  their  metals  and  fuels  in  the  hands  of  the  labora- 
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CORE  OVENS  AND  CORE  DRTINQ 

149  The  baking  or  drying  of  a  core  is  a  complex  process,  depending 
upon  the  character  of  the  sands  and  the  nature  of  the  binders  osei 
Where  flour,  starch  or  dextrine  are  used,  the  moisture  is  first  drhren 
out  and  then  the  starch  or  flour  compound  is  baked,  as  in  any  ordi- 
nary bread-baking  process.  To  develop  the  greatest  strength  the 
material  must  not  be  charred,  but  should  be  carried  simply  to  tiie  con- 
dition of  ordinary  bread  crust.  For  this  purpose  the  temperature 
should  be  between  350  and  375  deg.,  and  under  no  circumstanoeB 
should  it  be  allowed  to  rise  above  400  to  410  deg.  If  flour  or  starch 
bonds  are  charred  they  immediately  lose  strength.  Such  a  core  taken 
from  the  oven  at  its  condition  of  maximum  strength  will  still  con- 
tain some  moisture  in  the  starch  or  flour  compounds,  this  mdstore 
being  chemically  combined,  and  naturally  gives  off  a  great  deal  of 
smoke  when  the  mold  is  poured. 

150  In  the  baking  of  resin  or  pitch  cores  it  is  necessary  only  to 
heat  the  material  to  such  a  temperature  as  to  cause  the  resin  or  pitch 
to  flow  and  unite  the  grains  of  sand.  Practically  all  black  core  om- 
poimds  contain  a  considerable  percentage  of  dextrine  and  on  this 
account  the  baking  partstkes  both  of  the  nature  of  the  process  already 
described  and  of  the  melting  of  the  pitch,  causing  it  to  flow  through 
the  sand.  This  requires  only  a  temperature  of  350  to  400  deg., 
and  if  heated  much  above  410  deg.,  the  dextrine  contained  in  the  blaci^ 
compounds  will  be  burned  out  or,  in  the  case  of  the  resin  core,  some  of 
the  resin  oils  will  be  distilled  off  and  the  material  will  lose  in  binding 
power.  Most  of  the  resin  oil,  however,  does  not  distill  off  below  550 
deg.,  but  at  640  deg.  fahr.  over  90  per  cent  of  it  can  be  driven  off. 

151  In  both  of  these  classes  of  cores  described,  the  first  operation 
is  to  drive  out  the  water,  and  the  second  simply  a  baking  or  melting 
as  the  case  may  be.  In  both  cases,  during  the  first  part  the  core 
oven  should  have  ample  ventilation  so  as  to  drive  out  the  steam  as  it  is 
formed.  During  the  latter  pt\rt  a  free  circulation  of  air  is  not  needed 
and  in  fact  not  desirable,  as  it  would  tend  to  oxidize  or  bum  the  com- 
pounds forming  the  bonds  if  the  temperature  of  the  oven  got  a  Kttb 
too  high. 

152  With  oil-sand  cores  an  entirely  different  proposition  is  ^ 
countered.  The  active  bonds  are  the  drying  oils  with  the  exception 
of  resin,  which  is  sometimes  blended  with  the  core  oil.  The  diyitf 
or  paint  oils  all  require  a  good  circulation  of  air  through  the  ovefl* 
As  in  the  previous  cases,  the  first  action  which  takes  place  is  the  drivinf 
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of  the  moisture  contained  in  the  core  and  the  second  largely  the 
Lation  of  the  oil.  If  a  blended  or  compounded  oil  is  being  used 
ch  contains  mineral  or  tar  oil,  or  any  similar  compound,  there  will 
K>me  volatile  hydrocarbons  which  will  be  driven  out.  After  this 
I  necessary  to  continue  a  good  circulation  of  air  through  the  oven 
)xidize  the  oils. 

53  The  process  going  on  in  the  core  oven  during  th^  latter  part 
he  drying  of  an  oil-sand  core  is  similar  to  that  of  drying  oil-skin 
bing.  This  clothing  is  made  by  dipping  cloth  in  a  mixture  of  oils 
1  drying  it  in  a  current  of  warm  air.  If  the  rooms  containing 
clothing  to  be  dried  are  shut  up  so  that  there  is  no  current  of  air, 
oil  will  remain  moist  for  days,  even  though  the  temperature  may 
aiuch  above  that  ordinarily  employed  for  the  purpose.  With  a 
d  circulation  of  air,  however,  the  clothing  will  dry  rapidly  to  a 
L  hard  skin.  In  like  manner  oil-sand  cores  must  be  given  plenty 
xygen  if  they  are  to  be  properly  dried. 

54  Very  few  of  the  bonding  oils  will  be  burned  at  temperatures 
»w  500  deg.,  and  hence  when  they  are  being  used  core  ovens  can 
Lriven  at  a  higher  temperature  than  with  flour  or  starch.  There  is 
leed,  however,  of  carr3dng  the  temperature  above  400  to  410  deg., 

the  writer  believes  that  the  best  results  are  obtained  at  about  this 
ge.  If  the  temperatures  reach  600  deg.,  all  forms  of  carbon  used 
ore  binders  begin  to  char  and  the  strength  of  any  carbon  bond  is 
iced.  The  cores  already  spoken  of,  composed  of  silica  sand, 
sh  mountain  clay  and  sawdust,  were  baked  at  about  600  deg.,  for 
purpose  of  charring  the  last  ingredient.  With  ordinary  binders, 
.^ever,  this  would  not  be  a  proper  procedure. 

55  As  a  rule  a  foundryman  keeps  no  record  as  to  the  part  of  his 
n  in  which  certain  cores  were  baked  and  may  be  wholly  unaware 
:ihe*fact  that  from  10  to  30  per  cent  of  the  product  is  seriously 
aaged  every  day  and  that  in  many  cases  castings  are  lost  on  account 
he  cores  having  been  baked  at  too  high  a  temperatiure  in  hot  sections 
he  oven  or  not  thoroughly  baked  by  being  left  in  cold  parts.  With 
ealization  of  these  great  differences  in  temperature  a  series  of 
•eriments  has  been  tried  with  a  pair  of  recording  thermometers 
aished  by  the  Bristol  Company  of  Waterbury,  Conn.  Before 
ing  up  the  matter  of  recording  thermometers,  however,  it  may 
uiteresting  to  speak  of  one  piece  of  bad  core-oven  practice  which 
ie  under  the  writer's  attention  in  this  investigation.  The  ovens 
e  sunply  iron  boxes  having  bars  across  them  to  support  the  core 
'^.    In  the  bottom  of  each  box  there  was  an  op-^n  coke  fire 
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with  no  baffle  plates  between  the  fire  and  the  core  plates.   Y^im 
coreswere  being  made  attheratioof  one  part  of  flour  to  nine  putad 
sand,  and  core  plates  were  pulled  from  directly  over  the  fin  vith 
the  edges  of  the  plate  at  a  dull  red  heat,  showing  a  tempraiton  ol 
at  least  900  deg  fahr     The  cores  on  these  plates  were  black  on  tbt 
outside  and  smoking  as  though  they  were  on  fire  and  were  beiii|  st 
once  put  in  the  molds  by  the  molders  to  wtiom  they  were  talum 
and  the  molds  poured      One  of  the  smokmg  hot  cores  was  takfiA 
from  one  of  these  lower  plates  and  broken,  showmg  that  the  outca 
I  in.  was  bumed  while  the  inside  of  it  was  still  m  the  condition  o 


dough.  The  only  wonder  is  that  their  casting  loss  was  not  F»W 
than  their  report  showed.  The  top  of  these  ovens  was  probsNj' 
below  550  deg.  fahr. 

156  The  first  ovens  in  which  the  writer  tested  the  differen*  j" 
temperature  between  the  shelves  was  the  Wadswortb  oven  us*  ^ 
experimental  work  at  Covington  and  the  first  diagram  tal^  •* 
shown  in  Fig.  29,  This  heat  was  not  used  to  bake  cores  but  siinp'^ 
to  try  out  some  fuels  and  also  to  find  the  difference  in  tempert*"'* 
between  the  top  and  bottom.  The  curve  for  the  lower  thennon** 
which  in  placed  just  above  the  bottom  shelf  is  marked  B,  while  w* 
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le  top  thermometer  which  ia  placed  just  beneath  the  top  shelf  is 
ad  3*.  In  this  oven  the  bottom  shelf  was  the  hottest  while  the 
.  wu  being  fired.  When  it  cooled  o£F  &t  night,  however,  the 
mature  of  the  lower  thermometer  fell  beiov  that  of  the  upper. 
a  12.26,  when  the  thermometers  were  coupled,  until  2  p.m., 
writer  was  firing  with  coke  aud  trying  to  get  the  temperature 

0  MO  deg.  At  that  time  the  coke  fire  was  raked  down  and  s 
>f  anthracite  coal  put  in.    The  temperature  fell  from  2  to  3.10, 

1  it  commenced  to  rise,  and  at  7  p.m.  the  lower  thermometer 
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>  Cobb  Ovbh  and  also  tur 
aoL  or  Hbat 

*eached  510  deg.  and  the  upper  one  450  deg.,  there  being  a  differ- 
of  60  deg,  between  the  top  and  the  bottom  of  the  oven.  After 
^thracite  coal  was  used  in  this  oven  and  the  curves  were  kept 
close  to  400  d^.  A  difference  was  found  between  the  top  and 
>ni  shelves  which  was  rarely  less  then  30  deg.  and  under  working 
itions  sometunes  40  deg.  When  the  oven  contained  cores 
fference  was  experienced  as  great  as  that  indicated  at  7  p.  m.  on 
hart  shown  in  Fig.  29. 

7  The  diagram  shown  in  Fig.  30  was  taken  on  a  set  of  ovens 
lut  changing  their  ordinary  core-room  practice,  the  men  being 
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allowed  to  open  and  shut  doors  or  control  the  temperature  as  tit^i 
fit-  The  ovens  were  of  the  oil-fired  type  and  the  oil  came  fia 
pipe  line  which  also  supplied  a  battery  of  oil-fired  furnaon.  ' 
pressure  in  the  line  varied  greatly  when  these  furnaces  wen  ata 
or  stopped,  and  unless  corresponding  changes  were  made  in  the 
trol  valves  on  the  core  oven,  the  temperatures  of  the  core  ova  w 
increase  or  decrease  in  accordance  with  the  varying  oil  piusMu 
the  line.     The  oven  was  watched  closely  bo  that  the  tine  on  the  < 


Fig.  31    Oil-Fired  Cobe  Oven  BHOWtNO  hannbr  or  ATTACBiNa  the 
TOL  Rbcordimo  Thbkmowbtebs  fob  ascebtaininq  DirrsRENCES  in  Tei 

athbb 

could  be  interpreted  very  accurately.  The  record  for  each  1 
mometer  was  recorded  on  a  separate  chart  but  is  here  drawn  on 
chart  to  make  comparisons  more  apparent  (Pig.SO).  In  this  ovea 
upper  thermometer,  the  location  of  which  is  clearly  shown  in  Fig.31, 
iatered  the  highest  temperature.  At  11.50  one  of  themesopmed 
of  the  upper  doors  to  take  out  cores  and  left  it  open  for  several  mini 
This  made  a  rather  sharp  drop  in  the  line  for  the  upper  thenncm 
without  any  correspondmg  drop'  in  the  record  of  the  lower  the 
meter.  At  12.30  a  man  opened  one  of  the  lower  doors  opposite 
lower  thermometer  and  this  resulted  in  a  sharp  dropof  nearly  30de 
the  lower  thermometer.    At  1 .  10  a  door  located  about  midway  beti 
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(he  two  thermomflters  was  opened  and  both  fell,  the  upper  one  ahow- 
ing  the  greatest  difference  of  a  fall  of  over  20  deg.  while  the  lower  one 
fell  15  deg.  From  11  a.m.  until  1.30  p.m.  melting  furnaces  were 
bdng  abut  off  and  the  oil  presaure  in  the  line  was  increased  so  that  the 
ganeral  trend  of  both  curves  was  upward,  the  sharp  local  conditicma 
being  due  to  the  opening  and  clodng  of  doors.  At  1.45  two  of  the 
upper  doors  were  opened  and  a  lot  of  heavy  green  cores  were  put  in. 
Cores  were  ^so  placed  on  the  third  or  middle  shelf.  This  caused 
Uie  upper  thermometer  to  show  a  drop  in  temperature  continuing  until 


^Q.  32     DlAOBAM  ILLDBTRATINO  DtPrKKKNCK  IN  TkUPXSATUBB  IN  AN  OlL- 

"Hko  Cor*  Oven  obtainbd  on  ths  Skcond  Dat  tbi  TaEKUouETmHa  wkbk 


'*-^.  About  this  time  the  lower  door  was  opened  ^ving  a  slight  fluo- 
^^tion.  Just  before  2.30  both  upper  and  lower  doors  on  the  back 
*^B  of  the  oven  were  opened  Eind  left  open  for  some  time  and  green 
^^■^ea  put  m.  This  resulted  in  a  sharp  drop  of  both  thermometers. 
T^Wr  this  there  was  a  gradual  increase  until  3.10  when  one  of  the  lower 
*"*ot8  on  the  front  side  of  the  oven  was  opened  and  left  so.  The 
'^^perature  fell  gradually  for  the  first  few  minutes  and  then  rapidly 
*lUtil  the  lower  thermometer  showed  a  drop  of  over  200  deg.     The 
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upper  thermometer  at  the  same  tune  fell  about  66  deg.    In  like  mift-     I  ^, 
ner  the  various  humps  of  the  curve  can  be  explained  throui^KWt  the     W^ 
day.    About  4.15  the  melters  commenced  to  cut  off  furnaces  ind     \^ 
the  oil  pressure  gradually  rose  driving  the  temperature  up  until  6.IO1 
when  the  oil  was  shut  from  the  oven,  and  the  curves  for  both  ther- 
mometers fell.    On  the  day  the  chart  shown  in  Fig.  30  was  made  ^ 
very  large  number  of  cores  was  lost  on  account  of  being  burned.   TfcB« 
next  day  an  attempt  was  made  to  control  the  temperature  of  the  ov^s^ 
and  keep  it  as  near  400  deg.  for  an  average  as  it  was  possible  to  d« 
The  two  curves  for  this  day  have  been  plotted  together  as  shown  in  Fi  i 
32.    In  the  morning  when  the  oven  was  first  started  the  temperatu: 
was  allowed  to  rise  until  the  upper  thermometer  registered  460 
the  lower  one  385.    The  oil  supply  was  then  checked  ^ving  a  quic^^ 
drop  in  the  temperature  of  both  thermometers.    The  temperatu:=^i* 
picked  up  once  more,  however,  until  at  9.50  it  was  again  at 
same  figures  which  it  had  reached  at  9.    Here  the  oil  supply 
again  checked  when  the  temperatures  dropped  slightly  and  continu^^^ 
fairly  uniform  imtil  1  p.m.    Between  11.30  and  1  it  was  neoessaiy  ^^^ 
regulate  the  oil  supply  a  number  of  times  to  hold  the  curve  asunifor^^io 
as  it  appears  in  this  record.    At  1  o'clock  the  writer  left  the  oven  i^zz:xi 
look  after  some  other  work  and  the  man  in  charge  did  not  regulate       ^ 
as  closely  as  he  should.    He  did,  however,  check  the  supply  at  2  p.  tx^ 
and  again  at  3.30,  thus  preventing  the  curve  rising  as  high  as  it  <fi>  ^ 
on  the  previous  day.    The  results  obtained  by  baking  the  cores  ^^^ 
the  temperatures  recorded  on  the  chart  shown  in  Fig.  32  were  muc?-!! 
better  than  those  obtained  the  previous  day  when  the  temperature 
varied  as  shown  in  chart  29. 

158    If  all  core  ovens  were  equipped  with  recording  thermometer* 
and  account  taken  of  the  time  different  cores  were  placed  in  the  ovex^i 
the  foundryman  would  have  a  record  of  the  baking  temperature  of 
each  batch  of  cores  and  would  thus  be  able  to  trace  irregularities 
the  quality  of  the  cores  to  the  baking  temperatures,  if  variations 
these  temperatures  were  to  blame.    When  workmen  know  that 
recording  instrument  is  watching  them  and  drawing  a  record  of  ji 
how  they  maintain  the  temperature  in  the  oven  they  will  look 
the  fire- and  the  drafts  and  see  that  the  record  is  a  credit  to 
The  writer  believes  it  is  a  good  thing  to  put  the  recording 
inometers  where  the  foreman  can  see  them  and  then  hold  him 
sible  for  the  results,  for  many  castings  are  ruined  through  bad 
and  tiie  trouble  laid  at  the  inoldcr's  door  or  considered  a  mysterii 
dispensation  of  Providence. 
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59  Cere-Oven  Design.  It  is  not  intended  in  this  paper  to  go  into 
sxhaustive  discussion  of  core-oven  construction,  but  the  underlying 
idfdes  of  core-oven  design  will  be  stated.  If  it  is  to  be  efficient  it 
st  be  80  constructed  as  to  maintain  a  practically  uniform  tempera- 
)  throughout  the  entire  drying  chamber.    For  the  best  results 

extreme  variations  between  different  parts  of  this  chamber 
uld  not  exceed  60deg.  fahr.  There  also  should  be  a  proper  circula- 
an  through  the  oven  to  insiu'e  the  carrying  off  of  any  steam  gener- 
1  during  the  first  period  of  drying  of  cores  and  to  afford  an  ample 
>unt  of  oxygen  for  oxidising  and  drying  oil  binders.  Where 
>il  binders  are  used  and  the  cores  are  dried  in  batches  it  is  advisa- 
to  vary  the  amoimt  of  circulation  through  the  oven  at  different 
Lods  of  the  drying  process  so  as  to  avoid  undue  oxidation  of  cer- 
L  classes  of  binders  toward  the  end  of  the  drying  period. 

60  The  most  common  mistake  made  in  core-oven  design  is  that 
ocating  the  firebox  too  close  to  the  oven  and  of  discharging  the 
ducts  of  combustion  into  the  core-drying  chamber  at  too  high  a 
iperature.  This  practice  renders  certain  portions  of  the  oven 
perative  for  efficient  baking  on  account  of  the  fact  that  if  any  cores 
"e  located  in  these  hot  parts  they  would  be  burned.  In  the  oven 
re  should  be  ample  space  between  the  combustion  chamber,  or 
bcx,  and  the  oven,  or  drying  chamber,  for  the  mixing  of  the 
ducts  of  combustion  so  that  they  will  have  a  uniform  tempera- 
B  when  entering  the  oven,  and  this  should  be  the  maximum 
dng  temperature  of  the  oven.  The  most  efficient  ovens  that 
'e  come  under  my  attention  have  all  had  their  firebox  located  at 
le  distance  from  the  oven  proper,  or  else  have  had  a  large  mixing 
tnber  introduced  in  the  flue  between  the  oven  and  the  firebox. 
^ne  case  there  is  a  battery  of  ovens  constructed  with  fireboxes  in 
basement  and  the  ovens  are  located  two  stories  above.  The  flues 
k>  arranged  and  provided  with  dampers  as  to  make  it  possible  to 
rol  the  temperature  and  volume  of  the  incoming  gases  entering 

oven  or  oven  compartment.  A  provision  of  this  kind  insures 
1  drying  without  any  danger  of  burning  the  cores. 
^  1  Steam-Heated  Core  Ovens,  For  some  classes  of  binders  steam- 
ed ovens  are  excellent  since  they  insure  control  of  the  tempera- 
and  preclude  any  possibility  of  its  rising  above  the  desired  maxi- 
n.  The  fuel  economy  of  the  steam-heated  oven,  however,  is 
^  low,  and  hence  some  form  of  direct  firing  by  carbonaceous  fuel 
-nerally  depended  upon. 
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162  Core-Oven  Fuels.    The  fuel  used  must  be  one  that  does 
not  ^ve  a  smoky  flame  which  would  cover  the  cores  with  soot.  In 
consequence,  anthracite  coal,  coke,  fuel  oil,  and  gas,  are  the  fads 
commonly  employed.    The  products  of  combustion  from  anthiadte 
coal  and  coke  are  carbon  dioxide  with  possibly  a  little  carbon  mooonde 
if  there  is  imperfect  combustion.    With  these  are  minted  a  laip 
amoimt  of  nitrogen  which  is  passed  through  the  oven  with  the  air 
supply  to  provide  oxygen  for  the  combustion  of  the  solid  carbon. 
All  of  these  gaseous  products  are  efficient  drying  agents  and  have  the 
power  of  absorbing  moisture  and  carrying  it  from  the  core  oven  with 
them. 

163  Turning  to  fuel  oil  or  gas  as  a  means  of  heating  the  oven,  an 
entirely  different  set  of  fuels  is  encountered.  Both  of  these  fiida 
contain  larger  percentages  of  hydrocarbons,  all  of  which  bums  to 
water,  which  passes  off  as  steam  and  as  its  temperature  falls  in  the 
core  oven  it  tends  to  saturate  the  air  with  steam  and  hence  is  not  effi- 
cient as  a  means  of  carrying  moisture  from  the  oven.  In  other 
words,  while  all  of  the  combustible  material  in  oil  or  gas  producea 
heat  when  it  is  first  burned,  the  products  of  combustion  are  of  sueh  a 
nature  that  much  of  the  heat  is  carried  through  the  oven  locked  up 
in  the  steam  resulting  from  the  burning  of  the  hydrocarbon  compounda 
and  so  is  not  available  for  the  drying  of  cores.  The  exceedingly  hi^ 
thermal  efficiency  of  gas  and  oil,  however,  and  the  fact  that  the  use  of 
fuels  of  this  kind  does  away  with  the  handling  of  coal  or  ash  may  make 
it  advisable  to  use  such  material  though  it  is  not  the  most  efficient 
fuel. 

164  Continuous  Core  Ovens,    In  the  case  of  continuousovenswhtfe 
the  cores  are  carried  by  mechanical  means,  care  should  be  taken  to  see 
that  there  is  no  hot  spot  in  the  ovens  where  the  temperature  exceeds 
the  safe  drying  limit  for  the  binder  in  use.    Cores  may  be  made  to 
resist  high  temperatures  by  spraying  the  surface  of  the  cores  to  increase 
the  percentage  of  binder  in  the  surface,  but  this  is  expensive  since  in 
spraying  cores  much  of  the  material  is  wasted,  and  the  operation  iteetf 
takes  time.    It  is  far  more  economical  to  design  the  oven  so  that  i*^ 
will  bake  the  cores  with  the  maximum  degree  of  rapidity  and  at  the 
proper  temperature,  than  to  try  to  utilize  improperly  designed  oveas 
by  doctoring  the  core-room  practice.    One  advantage  of  continuous 
ovens  over  many  of  the  other  types  is  that  the  temperatures  of  th© 
different  parts  may  be  controlled  so  as  to  give  the  most  rapid  and  effi- 
cient drying  possible,  but  this  is  true  only  where  the  cores  are  appro^' 
mately  uniform. 
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165  Chamber  Ovens  with  Shelves.  For  chamber  ovens  in  con- 
tinuous use,  the  cores  bemg  dried  on  uidividual  shelves,  it  is 
necessary  to  determine  the  condition  of  the  drying  by  inspecting  the 
cores.  In  such  ovens  the  products  of  combustion  usually  rise  and 
pass  out  of  the  top  and  if  there  are  partially  baked  cores  on  the  upper 
shelves  and  subsequently  green  cores  beneath  them,  the  steam  driven 
out  of  the  green  cores  passes  over  the  dry  cores  and  the  moisture 
may,  to  some  extent,  be  absorbed  by  the  dry  cores,  thus  retarding 
their  baking.  In  any  case  the  presence  of  steam  in  the  ascending 
current  of  air  will  retard  the  baking  on  the  upper  shelf.  This  is  one 
reason  why  the  lower  shelves  of  a  drying  oven  frequently  bake  faster 
than  the  upper  shelves,  even  when  the  temperature  of  the  incoming 
gases  is  kept  well  below  the  maximum  allowable  for  the  oven. 

166  Distortion  of  Metal  Parts  of  Core  Ovens.  Core  ovens  have  been 
arranged  in  many  cases  so  that  the  fire  was  1  to  3  ft.  from  the  cores 
being  dried.  The  core  cars  have  often  been  warped  and  bent  out  of 
shape  by  the  fact  that  the  flame  from  the  fireboxes  played  against  them. 
Iron  will  not  be  distorted  at  any  temperature  that  is  safe  for  the  baking 
of  cores,  hence  any  warping  of  any  metal  work  in  the  oven  is  evidence 
of  too  high  temperature.  For  the  proper  regulation  of  the  tempera- 
tures in  core  ovens,  recording  thermometers  should  be  applied  not 
only  to  the  ovens  themselves  but  to  the  main  heat  fliues. 

167  Core-Oven  Cars.  For  efficient  core-oven  work  the  car  must  be 
designed  so  that  it  wiU  support  the  cores  without  any  danger  of  being 
distorted.  The  tracks  for  supporting  the  car  must  also  be  rigidly 
supported  and  kept  in  perfect  condition.  Too  little  attention  is 
^ven  to  the  design  of  this  part  of  the  core-room  rigging.  A  firm 
installing  a  core  oven  will  frequently  order  from  the  lowest  bidder. 
From  the  day  such  an  oven  comes  into  conmiission  it  is  a  constant 
expense  in  the  way  of  spoiled  cores  and  time  expended  in  unnecessary 
manipulation  in  getting  the  work  to  and  from  the  oven.  The  core 
trucks  or  cars  should  run  into  the  oven  as  easily  as  any  other  part  of 
the  industrial  transportation  system,  and  there  is  no  need  of  having 
to  bring  a  25-ton  travelling  crane  to  the  front  of  the  core  oven  and 
couple  it  to  the  truck  by  an  intricate  system  of  chains  and  blocks 
in  order  to  shove  5  tons  of  cores  into  the  oven. 

CORE   PASTING,   HANDLING,   AND  STORAGE 

168  With  the  increasing  demands  from  the  designing  department 
for  greater  accuracy  in  finished  castings,  it  has  been  necessary  to 


SOO        THE   COBB    BOOU:     ITS    EQUIPlfBNT  AMD   UAMAOBUUn    ' 

improve  the  core-room  rigging  to  insure  the  accurate  fit  and  loatioo 
of  the  cores.  For  convenience  many  cores  are  made  is  halvea » 
that  they  can  be  dried  on  flat  plates.  This  method  alao  affords  u 
opportunity  for  the  forming  of  vent  passages  on  the  parting.  % 
33  shows  a  pair  of  half  cores  and  the  vent  block  which  was  used  in 
pressing  vents  in  the  cores.  The  horizontal  strips  attached  to  the 
blocks  press  grooves  in  the  face  of  the  cores  that  lead  the  vent  to  the 
face  of  the  print  and  the  vertical  or  projecting  pins  press  venta  into 


the  pockets  of  the  core.     After  baking  the  half  cores  must  be  u- 
sembled  and  pasted  together. 

169  Core-Pasting  Device.  John  Gow  of  the  General  Electric  Coo 
pany  lias  contrived  and  patented  the  device  for  core-pasting  ilion  i> 
Fig.  34.  It  uonsists  of  a  shallow  wooden  box  made  of  pine,  «" 
protected  with  slielluc.  TJirough  tlie  bottom  of  this  box  is  ei"  > 
series  of  grooves  corresponding  to  the  line  of  paste  required  to  unite  tl>f 
parts.  Tiie  fore  shown  .it  the  left  is  laid  in  the  box,  being  guided  iaW 
place  by  the  three  guide  bloiks.  The  box  with  the  core  in  pi*"" 
UiL-n  jildccil  ill  a  tiiiik  coiilainiug  2  or  H  in.  of  liquid  paste.    TTi*  •"" 
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ed  into  the  paste  so  as  to  force  it  up  through  the  groove  into 
.  with  the  face  of  the  core.  When  the  box  is  lifted  out  once 
ad  the  core  removed  there  will  be  long  narrow  strips  of  paste 
hey  are  required  on  the  face  of  the  core.  The  two  halves  of 
3  are  then  assembled  and  placed  in  the  drying  oven  to  dry  the 
This  method  is  economical  of  paste  and  applies  the  material 
uch  more  rapidly  than  it  could  be  done  by  hand.    It  also 


Fia.  31    Device  roR  pastinq  Split  Corbs 


all  possibility  of  getting  paste  into  the  vents.  Where  dupli- 
irk  is  to  be  done  it  has  proved  &n  excellent  time  saver. 
Drying  Pasted  Cores.  After  the  cores  are  pasted  it  is  neces- 
dry  the  paste  before  introducing  the  cores  into  the  molds.  In 
ises  a  torch  is  used  to  dry  the  paste  near  the  edges  of  the  part- 
.  the  cores  sent  directly  to  the  mold,  but  the  maximum  adhesion 
paste  has  not  been  developed  and  the  core  is  likely  to  shift. 
Uy  a  regular  core  oven  is  used  for  drying,  the  pasted  cores 
>laced  on  plates  and  introduced  on  to  core-oven  cars  or  placed 
rer  ovens. 
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171  A  device  for  parting  and  drying  cores  in  large  quantitiei 
is  shown  in  Fig.  35.  The  table  supporting  the  core  plates  coDiist 
of  angle  iron  legs  which  carry  angle  iron  rails  running  along  the  sides. 
These  in  turn  support  cross  bars  carrying  a  pair  of  ordinary  railmd 
rails  upon  which  the  core  plates  may  be  placed.  The  hood  is  lifted 
off  while  the  cores  are  being  assembled.  The  cores  are  pasted  on 
the  plates  with  the  use  of  suitable  portable  pasting  jigs.  As  soon  as 
one  entire  bench  of  cores  has  been  pasted  the  hood  C  is  dropped  OTer 
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F]Q.  35    Portable  Hood  used  in  drtinq  Pasted  Cores 

the  structure  as  shown.  The  gas  pipes  AA  are  provided  with  p^ 
f orations  through  their  entire  length  and  when  C  is  dropped  in  pofr 
tion  the  gas  is  turned  into  the  pipes  and  lighted.  The  heat  fix»n  th 
gas  jets  issuing  from  the  pipes  A  A  rising  under  the  core  plates  B^ 
deflected  by  them  to  the  sides  of  the  hood,  and  surrounds  thecoi«^ 
with  hot  air  so  as  effectually  to  dry  the  paste.  For  ventilation  sstf* 
of  small  holes  near  the  top  of  C  is  arranged  as  shown  at  Z).  As«oob 
as  one  bench  full  of  cores  is  covered  with  its  hood  and  the  cores  tf* 
drying  the  workmen  pass  to  the  next  bench  and  begin  to  paste  coi© 
on  it.     By  the  time  they  have  pasted  them  on  four  or  five  beBCi** 
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e  OD  the  first  are  dried,  so  that  the  gas  can  be  turned  o3,  the  hood 
d  and  the  cores  removed.  This  scheme  does  away  with  the  hand- 
of  the  cores  while  the  paste  is  green  and  avoids  possibilities  of 
8  shifting. 

r2  Core-Aaaembling  Jigs.  For  assembling  automobile  coresvari- 
types  of  jigs  have  been  devised.  The  principle  oa  which  these 
work  is  well  illustrated  in  Figs.  36  to  39.  Fig.  36  represents  a 
or  filling  the  pasting  faces  of  cores.  The  upper  edges  of  this  jig 
protected  with  pieces  of  tool  steel  which  have  been  made  as  hard 


Fig.  36    Jia  fob  FiLUNa  Fabtino  SuRrACE  op  Jacket  Corbs 

re  and  water  could  make  them,  so  that  they  wilt  not  be  affected 
assing  a  file  over  them.  The  core  is  dropped  into  the  jig  shown  in 
36  and  a  coarse  file  passed  over  the  pasting  face  so  as  to  bring  it 
uniform  surface.  The  core  boxes  are  so  constructed  as  to  allow 
it  0.01  in.  on  the  core  face  for  filing.  The  lower  half  of  the  core 
en  placed  in  a  jig  as  shown  in  Fig.  37.  The  paste  is  applied  to  the 
ice  and  the  next  section  of  the  core  placed  in  position  as  shown 
ig.  38.  In  this  case  it  was  a  small  section  at  the  back  of  the  core. 
paste  is  then  applied  to  the  next  surface  and  the  upper  half  of 
core  is  introduced  as  shown  in  Fig.  39.  In  taking  the  illustration 
t  of  unfiled  cores  were  assembled  in  the  jig  so  that  the  parting 
at  perfect,  as  it  would  be  in  the  case  of  filed  cores.  After  the  cores 
e  been  assembled  in  the  jig  they  may  be  removed  and  placed  on 
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the  core  plate  for  drying  ia  the  oven  or  the  entire  jig  may  be  pUod 
in  the  oven  and  the  cores  dried  in  the  jig.    Where  a  limited  numberof 


Fia.  38    Pasting  Jig  showino  Second  Section  ( 


cores  is  required  it  is  best  to  dry  the  cores  in  the  jig,  but  nith  a  ^^ 
number  the  amount  of  equipment  in  the  shape  of  jigs  would  be  P"'' 
hibiUve,  and  hence  the  cores  are  removed  before  drying. 
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Tfhen  a  large  output  of  cores  is  required  these  jigs  are  made 
)f  metal,  and  itia  no  uncommon  thingforthemodemfoundry- 


Fia.  39    Pastimci  Jia  showing  Coupletxd  Cork  ik  Flaob 


bold  hU  core  work  within  limits  of  a  few  thouuandtlis  of  an 
medium  uized  corca  uiid  within  0.01  in.  for  cores  1  ft.  or 
diameter  or  length. 
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174  The  use  of  core  jigs  is  not  confined  to  small  work  such  as  cores 
in  connection  with  automobile  castings,  but  may  be  applied  to  steam 
engines  or  any  large  work.  A  wooden  or  metal  frame  may  be  con- 
structed with  bearing  points  corresponding  to  the  bearing  pomts 
which  carry  the  cores  in  the  mold.  The  cores  to  be  tested  can  be 
lowered  into  one  of  these  jigs  with  the  crane  and  then  by  means  of 
suitable  gages  the  metal  thickness  that  will  be  left  at  all  points  can 
be  ascertained  before  the  core  is  placed  in  the  mold. 

175  Core-Testing  Gages.  After  the  cores  have  been  dried  they  an 
tested  by  means  of  various  gages,  a  set  of  which  is  shown  in  Fig.  40. 
The  core  is  placed  on  a  steel  plate  and  the  shoulder  at  the  rig|it  b 
filed  off  by  passing  a  file  over  the  hardened  steel  plates  sunoundiBg 
this  portion  of  the  core.  This  insures  the  proper  length  of  tbe  0OR 
from  shoulder  to  shoulder.  The  interior  diamet^  of  the  eon  is 
tested  with  the  star  gage  shown  at  the  left;  the  exterior  diamflteiilh 
the  caliper  gage  shown  at  the  right;  and  the  print  by  the  rim  Me 
shown  at  the  upper  left-hand  portion  of  the  illustration. 

176  Core-SeUing  Jigs  and  Gages.  It  is  also  possible  to  use  srtttv 
jigs  for  placing  cores  in  the  mold  to  insure  the  proper  fit  of  the  vsnoos 
parts.  Fig.  41  represents  the  drag  half  of  a  cylinder  mold  for  a  laip 
gas  engine.  In  this  case  the  cores  are  supported  on  arbors  which  fit 
in  prints  at  the  ends  of  the  molds,  the  prints  being  shown  at  the  boot 
and  back  of  the  mold.  Fig.  42  illustrates  the  same  mold  with  the 
main  barrel  cores  in  place  and  the  core  jig  located  over  the  top  of 
the  barrel  cores  to  measure  the  setting  of  the  barrel  cores.  TItt 
jig  may  be  placed  anywhere  along  the  length  to  see  if  they  are  stntht 
and  properly  set  at  all  points.  The  illustration  shows  a  typeof  cgfiiD- 
der  for  a  2-cycIe  engine,  the  compression  cylinder  being  at  the  right 
and  the  ordinary  working  cylinder  at  the  left.  The  compressioD 
cylinder  does  not  need  water  jacketing. 

177  The  drag  half  of  the  mold  with  all  of  the  cores  assembled  is 
shown  in  Fig.  43.  After  the  upper  half  of  the  jacket  core  is  in  place 
a  caliper  gage  may  be  used  to  see  that  the  space  between  the  barrd 
and  the  jacket  is  correct  and  a  gage  similar  to  that  shown  in  Fig.  ^ 
may  be  used  to  test  the  outside  of  the  jacket  core  if  desired. 

178  Handling  the  Dry  Cores.  The  handling  of  cores  is  of  ilfl»^ 
lance.  Every  time  a  core  must  be  picked  up  and  set  do\*'n  there » 
danger  of  its  being  broken  and  an  expense  for  the  labor  involved 
Cores  should  pass  from  the  oven  to  the  molder  with  the  fewest  han* 
dlings  consistent  with  the  maintenance  of  a  sufficient  stock  of  cores  to 
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oatinuous  work  in  the  foundry  and  also  with  distribution  of 
k  in  the  core  room  so  as  to  allow  the  coremakers  to  complete 

of  a  ^ven  style  of  cores  in  the  most  efficient  manner. 
Where  the  operations  are  such  that  a  constant  number  of 
i  cores  are  required  they  should  be  taken  from  the  core-oven 
md  placed  directly  on  some  form  of  carrier  which  will  deliver 

the  molders.     In  the  case  of  small  chunky  cores  such  as  are 
fitting  shops  the  cores  are  often  piled  into  boxes  and  these  in 
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I  OQ  the  trucks  or  on  racks  supported  from  overhead  trolleys 
1  transported  to  the  molders.  Where  cores  must  be  passed 
rage  or  must  be  pasted  subsequently  to  drying,  they  can  be 
•om  the  core-oven  trucks,  laid  on  industrial  railway  cars 
ivered  to  the  storage  or  pasting  departments  and  to  the 
aa  required. 

Handling  Green  Cores.  Where  possible  the  coremaker  should 
e  plate  carrying  the  green  cores  either  on  the  shelves  of  the 
o  truck  in  which  it  is  to  be  dried  or  on  a  conveyor  which 
•y  the  cores  to  the  core-oven.     For  medium  sized  plants  one 
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of  the  most  effit^ent  methods  is  to  have  the  core-oveD  trucks  so  c^vde* 
signed  that  they  will  run  on  tracks  between  the  coremaker's  beech        % 
The  coremakers  place  the  cores  on  the  shelves  of  the  truck  ^^-Jtd 
laborers  then  run  it  out  from  between  the  benches  to  a  traosfer  c^sar 
which  delivers  it  to  the  oven  in  which  the  cores  are  to  be  bak^sd. 
After  the  cores  are  dried  the  truck  carrying  the  dry  cores  may   tx 
taken   to   the   core   storage  or  the  dry  cores  may  be   placed    oB 
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industrial   railway   trucks   or   carriages   supported   from   a  trolley 
system  and  carried  either  to  the  storage  or  the  foundry, 

181  Protecting  Cores  from  Dampness.  Complaints  are  constantly 
made  to  the  effect  that  flour,  starch,  dextrine,  or  glutrin  cores 
become  soft  if  left  in  storage.  The  reason  for  this  is  that  if  exposed 
to  moisture-ladened  air  these  cores  will  absorb  mobture.  The  author 
has  seen  a  core  storage  located  in  a  cold  unheated  building  with  the 
exhaust  from  an  engine  playing  past  the  unclosed  windows  so  that 
the  exhaust  steam  came  in  over  the  cores  in  clouds.  They  might  justr 
as  well  have  played  water  from  a  hose  over  them  so  far  as  the  effect 
was  concerned. 
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2  On  the  other  hand,  there  are  a  good  mauy  heated  core  stor- 
■  In  most  cases  these  are  located  over  the  core  ovens  and  take 
otage  of  the  waste  beat  from  the  core  ovens.    In  other  cases 

are  located  over  malleable  annealing  ovens  or  in  any  place 
«  there  is  waste  heat  available.  In  some  other  cases  they  are 
id  with  steam  coUs  or  stoves  fired  with  coke  or  natural  gas.  The 
OT  has  seen  flour  cores  taken  from  such  a  heated  storage  and 

after  they  had  been  in  storage  for  three  years,  and  they  were 


i^  I 
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as  good  as  the  day  they  were  made.  Glutrin  cores  made  with 
way  sand  have  been  used  after  they  were  many  months  old. 

3  In  many  plants  it  is  the  practice  to  leave  cores  standing 
I  the  molders'  floor  from  one  to  three  days  before  they  are  used 
1  introduce  them  into  molds  long  before  they  are  used. 

4  MoUture  in  Molding  Sand.  In  order  to  ascertain  the  mois- 
conditions  that  the  core  must  meet  in  the  mold,  samples  of  the 
ling  sand  were  taken  from  many  foundries  in  different  parts  of 
country  and  moisture  determinations  made.  The  amount  of 
ture  used  in  molding  sand  was  found  to  vary  from  less  than  5 
lent  to  over  10  per  cent,  and  in  the  same  foundryit  will  frequently 
'  3  per  cent  in  a  single  day.    By  watching  the  molding  operations 
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the  author  has  been  able  to  predict  which  molds  would  be  lost 
before  they  were  poured,  and  these  predictions  were  verified  when  a 
badly  blown  casting  was  shaken  out.  In  one  case  the  foundrymaa 
had  been  blaming  first  the  iron  and  then  the  coremaker,  it  was 
proved  conclusively  that  the  trouble  lay  in  the  too  free  use  of  the 
swab  on  certain  molds.  A  core  made  from  any  of  the  standard 
binders  should  be  able  to  remain  in  the  mold  from  morning  until 
afternoon  without  any  danger  of  its  absorbing  an  excessive  amount 
of  moisture,  providing  the  core  has  not  been  subjected  to  undue 
moisture  in  the  storage  or  the  molding  sand  and  has  not  been  worked 
too  wet  or  overswabbed. 

185  Location  of  Core  Storage,  The  core  storage  in  any  plant 
should  be  so  designed  and  located  that  the  cores  can  be  handled  with 
the  least  amount  of  labor  and  also  so  that  the  number  of  cores  of  any 
given  kind  on  hand  may  be  ascertained  readily  at  any  time.  The 
placing  of  the  core  storage  on  the  second  fioor  usually  makes  it  pos- 
sible to  utilize  some  waste  heat  for  the  protection  of  the  cores,  and 
the  transportation  of  the  cores  to  and  from  the  storage  by  elevator 
adds  but  little  to  the  expense,  as  vertical  transportation  is  very  cheap. 

CORE  machines  AND  CORE  RlGGINa  I 

186  Types  of  Core  Machines.    Core  machines  in  so  far  as  they 
affect  core  sands  and  core-binding  materials  are  considered  in  this 
paper.    There  are  four  distinct  types  of  core  machines  in  general 
use.    The  best  known  and  probably  the  oldest  type  is  that  which 
corresponds  to  the  hand-rammed  molding  machine.    In  this  case 
the  core  boxes  are  simply  attached  to  a  molding  machine,  the  core 
sand  rammed  in  the  boxes  and  the  machine  used  for  rolling  over  an<i 
drawing  the  boxes  away  from  the  finished  core. 

187  Another  type  of  machine  which  has  long  been  in  use  is  tb-^ 
screw-feed  machme  forming  a  core  through  a  die.  The  plunger-f€ 
machine  works  on  the  same  principle  so  far  as  the  die  is  ooncemc 
In  a  machine  of  this  kind  the  core  mixtures  must  be  forced  throuj^ 
die  and  on  to  a  plate.  Such  a  mixture  must  contain  sufficient 
binder  to  make  the  core  stand  up  on  the  plate  and  sufficient  oil  to 
it  slip  on  the  plate  without  being  torn  up.  These  conditions  are  anta 
onistic,  as  the  green  bmder  depended  upon  is  usually  flour  and 
core  oil  neutralizes  much  of  the  effect  of  the  flour.  Core  mixtut  -^ 
for  use  in  machines  in  which  the  core  is  forced  through  a  die  mc»-» 
contain  an  excess  of  binder,  but  the  capacity  of  the  machines  is 
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ally  sufBcuent  to  more  than  pay  for  the  excess  of  binder  used.  Such 
cores  usually  vent  fairly  freely  in  spite  of  the  excessive  amount  of 
binder  and  the  reason  for  this  is  that  the  large  amount  of  flour  used 
Bhrinks  greatly  during  drying,  thus  giving  added  vent  space. 

188  Where  silica  sand  or  a  good  sharp  sand  is  used  as  a  base  with 
a  proper  binder  the  cores  will  neither  shrink  nor  swell  appreciably 
during  baking,  and  in  fact,  George  H.  Wadsworth  has  succeeded  in 
producing  both  square  and  round  cores  which  were  kept  within  lim- 
its of  0.004  in.  over  or  under  a  given  size.  This  is  a  total  allowable 
variation  of  less  than  0.01  in.  Machines  of  this  type,  that  is,  either 
^e  screw-^eed  or  plimger-feed  machine,  are  extensively  used  for  form- 
ing parallel  uded  stock  cores. 
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189  For  forming  irregular  cores  a  new  type  of  machine  has  come 
on  the  market  within  the  last  few  years.  This  is  known  as  the 
Hulet  machine,  manufactured  at  Kankakee,  111.  In  this  the  core 
mixture  is  blown  into  the  core  box  by  compressed  air  and  the 
packing  accomplished  by  the  impact  of  the  sand  as  it  enters. 

190  The  jar-ramming  molding  machine  was  very  promptly  applied 
to  core  making,  and  a  large  variety  of  special  jar-ramming  machines 
have  beoi  developed  for  this  purpose.  Jar-rammed  cores  vent 
more  freely  than  hand-rammed  cores  on  account  of  the  fact  that  hand 
ramming  tends  to  form  hard  faces  which  effectually  block  the  flow 
of  the  gases  through  the  mold  and  so  interfere  with  the  vent.  In 
the  case  of  automobile  cylinder  jacket  cores  and  other  intricate  work 
made  from  silica  sand  and  oiE  mixtures  jar  ramming  has  almost  elim- 
inated the  use  of  artificial  vents. 
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191  In  the  case  of  large  cores  made  from  pitch  or  black  compoond 
mixtures  or  from  any  mixtures  suitable  for  heavy  work  the  jar-ramming 
machine  can  be  used  with  special  or  ordinary  standard  boxes.  A 
layer  of  facing  sand  is  first  shoveled  in  next  the  core  box,  the  eore 
arbors,  and  the  core  bars  are  introduced  together  with  any  coke  or 
other  material  that  may  be  required  to  form  vent  passages,  the 
remainder  of  the  sand  is  then  introduced  and  the  whole  mass  jar- 
rammed,  the  core  arbors  and  core  bars  settling  down  into  the  sand 
as  it  is  rammed.  This  results  in  a  uniformly  rammed  core  which 
does  not  have  a  tendency  to  swell  and  become  irregular  in  diymg 
as  is  often  the  case  with  hand-rammed  cores.  Such  a  core  also  vents 
more  freely  than  a  hand-rammed  core. 

192  These  advantages  alone  would  be  sufficient  to  induce  foundry- 
men  to  introduce  core  machines  into  their  foundries,  but  there  is 
the  additional  advantage  of  larger  output  and  the  author  is  convmced 
that  in  the  future  there  will  be  an  increasing  use  of  machines  for 
forming  cores  in  the  foundry.  In  addition  to  the  tyi>es  of  machine 
already  specially  referred  to  nearly  every  type  of  molding  machine  has 
foimd  its  application  in  the  making  of  some  kind  of  special  cores. 
The  roll-over  molding  machine  is  being  used  extensively  for  Uie  pro- 
duction of  automobile  jacket  cores. 

193  Sand-Handling  Equipment.  Particular  attention  should  be 
given  to  the  storage,  preparation  and  mixing  of  core  sands.  The 
sand  should  be  put  into  storage  at  the  time  of  year  when  it  is  driest, 
as  this  saves  freight  and  also  insures  sand  in  better  condition  for  core 
work.     Core  sand  should  always  be  kept  under  shelter. 

194  The  method  of  storing  sand  will  depend  largely  upon  the 
size  of  the  plant.  For  comparatively  small  plants  a  series  of  covered 
bins  may  be  arranged  in  the  basement  and  the  sand  introduced  into 
them  through  chutes  in  the  side  of  the  building  from  a  switch  outside 
or  dumped  into  them  through  hatches  in  the  roof. 

195  For  the  storage  of  large  quantities  of  sand,  concrete  bins  are 
best.    Fig.  44  illustrates  the  bin  construction  which  has  been  used  in 
a  large  steel  foimdry.     The  bins  are  separated  by  division  walls,  the 
lower  part  of  which  are  made  of  steel  plates  supported  on  an^e  irofts 
as  shown.    Inside  of  these  low  walls  are  steam  coils  AA,  through 
which  steam  is  circulated  so  as  to  dry  and  thaw  out  any  excessively 
damp  or  frozen  sand  which  may  be  received  in  bad  weather.   The 
upper  part  of  the  wall  between  the  bins  is  simply  composed  of  I" 
beams  bolted  one  on  top  of  the  other.     In  a  case  of  this  kind  the  saao 
can  be  handled  mto  the  bins  and  from  there  to  the  foundry  by  meal*^ 
of  a  grab  bucket  operated  by  means  of  an  electric  crane. 
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196  For  smaller  plants  some  conveyor  system  is  advantageous, 
the  sand  being  conveyed  from  the  bins  to  the  mixing  machinery  by 
means  of  a  belt  conveyor.  Where  the  cores  are  made  by  hand  the 
core  sand  can  be  deUvered  to  the  operators'  benches  either  by  means 
of  boxes  carried  on  trucks  or  supported  from  overhead  trolleys,  or 
by  a  conveyor  system,  but  in  most  cases  the  latter  is  more  compli- 
cated, and  for  this  reason  not  desirable.  Another  objection  to  it 
is  that  in  most  plants  several  core  mixtures  are  in  use  and  in  some 
cases  the  same  operator  may  work  on  different  mixtures  during  dif- 
ferent parts  of  the  day.  For  moderate  sized  plants  working  only 
from  four  to  ten  bench  coremakers,  a  mill  of  the  Wadsworth  type,  that 
is,  a  small  mixing  and  compoimding  mill  with  small  rollers  gives 
excellent  results.  The  centrifugal  core-mixuig  machine  made  by 
William  Sellers  &  Company,  Inc.,  of  Philadelphia,  has  a  larger  capacity 
and  is  used  in  many  plants. 

197  The  experiments  tried  in  the  mixing  of  sands  at  different 
foundries  indicate  that  for  all  sharp  sand  mixtures  the  sands  should 
be  thoroi^hly  mixed  but  not  groimd,  and  for  this  reason  a  paddle 
mixer  working  on  the  principle  of  the  ordinary  pug  mill  used  in  brick 
manufacture  is  suitable.  The  Standard  Sand  and  Machine  Company 
of  Cleveland,  Ohio,  were  pioneers  in  the  making  of  this  class  of  ma- 
chmery  and  have  developed  combmation  paddle  mixing  and  grinding 
machines  suitable  for  various  core  mixtures  and  various  capacities. 
In  any  case  the  plant  should  be  equipped  with  some  kind  of  mixing 
machinery,  for  hand  mixing  is  not  only  expensive,  but  is  not  capable 
of  uniform  production  and  hence  an  excessive  amount  of  binder 
would  be  used. 
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DISCUSSION 

B.  D.  Fuller,  in  a  written  contribution,  agreed  with  Mr.  Laae 
that  the  machine  shop  ought  to  demand  as  perfect  a  finish  on  the 
interior  of  the  casting  as  on  the  exterior.  It  is  only  a  question  o^ 
method,  equipment  and  materials.  Many  core  rooms  are  hampered 
by  prejudice  as  well  as  poor  equipment.  As  to  the  method  of  mixing 
sand,  working  the  mass  over  by  hand  until  the  binder  seems  to  be 
thoroughly  distributed  throughout  the  sand,  adding  water,  and 
mixing  it  by  rubbing  with  an  iron  pipe,  is  probably  efficient  where 
a  small  quantity  is  to  be  mixed,  as  was  the  case  in  the  experiment- 
The  rubbing  or  mixing  with  the  pipe  is  somewhat  similar  to  the  actiox^ 
of  the  millstone  in  the  grinding  pan;  it  smashes  the  grain  and  destroys 
the  vent  channel  by  filling  it  with  fine  material.  A  better  method 
is  to  cut  over  and  rub  the  grains  one  against  the  other,  using  minc- 
ing machines  which  mix  after  this  fashion.  Mechanical  mixers 
will  save  from  25  to  50  per  cent  of  binder  over  hand  mixing.  F^*" 
the  transportation  of  cores,  when  the  output  consists  of  a  specialty 
which  insures  uniformity  to  a  degree,  trolley  or  carrier  transportation 
is  efficient  and  economical.  Where  cores  are  large,  the  travelu^ 
crane,  intershop  tracks  with  easy  running  trucks,  or  electric  locoioO' 
tiveS;  should  be  used.     Stiff  cast  plates  should  be  used  capable  oi 
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ing  a  load  without  bending  or  buckling  and  cores  marked  and 
d  for  distribution  by  a  capable  man  at  the  bench. 

to  the  sand  for  cores,  Mr.  Fuller  stated  that  the  strongest  cores 
\d  been  able  to  produce  were  made  from  crushed  and  well  washed 

containing  no  dirt  and  grain  of  uniform  size.  He  is,  however, 
sed  to  the  abolition  of  venting  in  cores,  as  referred  to  by  the 
or,  when  made  of  silica,  sand  and  oil,  although  successful  cores 
0  made  at  times. 

to  the  oil  for  bonding  cores,  linseed  is  the  best,  chinawood, 

bean  and  com  are  also  good.  A  bond  which  sweats  to  the 
ce  will  give  trouble.  Molasses  and  glutrin  will  do  this,  but, 
erything  be  just  right,  either  will  make  good  cores  when  used 
njunction  with  oils  and  silica  sand.  Imperfect  mixmg  and  dry- 
auses,  however,  much  loss,  and  places  the  balance  in  favor  of 
ise  of  oil.  In  large  cores,  cast-iron  arbors  which  give  rigidity 
>e  found  of  assistance;  they  are  more  efficient  and  cost  le&s  than 
rrought-iron  bars  generally  used. 

to  the  cost  of  a  cubic  foot  of  core,  in  particular  as  far  as  it  depends 
le  number  of  cores  which  a  man  can  make  per  day  from  a  given 
ure,  Mr.  Fuller  pointed  out  that  a  mixture  of  fine  silica  from 
•egion  of  Zanesville,  Ohio,  together  with  a  coarser  silica  from 
her  part  of  the  State,  being  used  with  oil,  enabled  the  coremaker 
ake  at  least  one-quarter  more  cores  per  day  than  when  a  pure 
e  silica,  known  as  "glass  sand,"  and  oil  was  used.    The  glass 

hangs  to  the  boxes  to  such  an  extent  as  to  require  constant 
ling  of  boxes,  taking  much  time. 

lother  marked  difference  in  these  two  mixtures  is  that  the  glass 
.  is  so  clean  and  open  that  the  oil  and  water  used  will  not 

in  suspension  in  the  sand,  but  will  settle,  giving  dry  sand 
le  top  and  soggy,  wet  sand  at  the  bottom.  The  Zanesville  silica, 
5ver,  contains  enough  natural  binder  to  overcome  this  tendency, 
glass  sand  gives  much  better  results  when  flour  or  dextrin  are 
as  a  binder  in  place  of  oil. 

excellent  design  for  ovens  for  drying  large  cores  or  molds  is 
vhere  the  fire-box  is  in  a  pit,  and  the  heat  is  conducted  under 
oor  of  the  oven  from  the  rear  to  the  front,  then  up  into  the  oven 
:>ack  through  the  cores  or  molds  to  the  flues,  placed  in  the  rear 
e  oven.  A  mistake  is  often  made  here  in  not  building  the  fire- 
sufficiently  large  and  cramping  the  flue  area  underneath  the 
.  thus  compelling  the  forcing  of  fire  which  not  only  prevents 
>btaining  of  satisfactory  drying  results,  but  bums  out  fire-box, 
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grate  bars  and  flues.  An  excellent  fuel  for  obtaining  a  quick  heat 
as  well  as  a  very  high  temperature  for  small  box  t3rpe  ovens,  sueh  as 
Millet,  Wadsworth,  etc.,  is  petroleum  coke,  the  cupola  coke  bong 
too  slow  of  combustion  for  the  small  fire-box. 

In  building  ovens,  the  proper  foundation  for  building  car  tracb 
in  ovens  is  well  worth  consideration,  as  Mr.  Fuller  had  had  cases 
when  it  was  found  necessary,  at  considerable  trouble  and  expense, 
to  tear  up  floors  and  put  in  foundations  under  rails  in  ovens  whidi 
were  otherwise  perfect. 


Augustus  N.  Kellet'  wrote  that  mixing  core  sand  with  both  ofl 
and  glutrin  makes  a  very  good  core,  if  it  is  to  be  used  immediately, 
but  when  allowed  to  stand  in  the  mold  an  extra  length  of  time,  it 
seems  to  accumulate  moisture.  Several  years  ago  he  had  difficulty 
in  making  some  small  cores  that  had  to  stand  a  heavy  body  of  iron, 
but  was  finally  able  to  accomplish  this  by  using  ground  asbestoe, 
sand  and  oil.  He  also  had  diflSculty  in  getting  new  men  to  ram  the 
sand  properly  and  lifting  the  box  off  the  core  without  breaking  it. 
He  overcame  this  by  inventing  a  machine  that  jar  rams  the  sand, 
rolls  over  the  core  box  and  plate,  and  lifts  the  core  box,  leaving  a 
perfect  core  on  the  plate  ready  for  the  oven. 

Alex.  E.  Outbrbridge,  Jr.,^  in  a  written  discussion,  said  that  he 
hesitated  to  accept  the  author's  estimate  of  "a  few  thousandths  of 
an  inch  variation."  The  expansion  of  the  materials  composing  the  core 
when  subjected  suddenly  to  the  intense  heat  of  molten  metals  and  the 
contraction  of  the  metals  in  cooling  from  the  liquid  to  the  solid  state, 
together  with  the  coarse-grained  character  of  the  sands  used  in  many 
cores,  would  seem  to  limit  the  possible  degree  of  accuracy  of  cored 
holes  in  castings.  The  use  of  coremaking  machines  is  now  general, 
if  not  universal.  Large  cores  are  made  by  machine  with  unskilled 
labor,  in  one-fourth  of  the  time  required  to  make  the  same  cores  by 
hand,  and,  moreover,  ordinary  heap  sand  is  used  without  the  addition 
of  loam,  flour,  or  any  other  binder.  For  core  testing,  in  place  of  the 
crude  device  shown  in  Fig.  8  for  breaking  1-in.  sq.  cores  with  supp<^ 
12  in.  apart,  the  ordinary  transverse  testing  machine  used  for  break- 
ing cast-iron  test  bars  has  been  employed  for  a  number  of  years  by 
Mr.  Outerbridge,  with  test  cores  1  in.  by  1  in.  by  15  in.  In  conclud- 
ing, Mr.  Outerbridge  called  attention  to  the  method  described  in 

*  Foundry  Supt.,  American  Blower  Co.,  Detroit,  Mich. 
2  Wra.  Sellers  &  Co.,  Inc.,  Phila.,  Pa. 
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'olume  11  of  the  Proceedings  of  the  American  Society  for  Testing 
f  aterials,  for  instantaneous  detection  of  adulterations  of  linseed  oil 
nd  other  oils  used  in  making  oil  sand  cores. 

H.  A.  Becker^  wrote  that  the  core  room  might  be  made  to  serve 
lie  foundry  in  such  a  way  as  to  minimize  molding  expense,  and  he 
rould  like  to  make  a  few  suggestions  along  this  line.  Direct  labor, 
bat  is  that  of  molders  or  coremakers,  is  the  greatest  factor  in  the 
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Fio.  45    Machine  Shop  Jig 

otal  cost  of  a  casting;  because  in  cost-finding  methods  the  running 
•xpenses  or  overhead  is  usually  charged  against  the  direct  labor; 
herefore,  to  reduce  tlio  cost  of  a  casting  the  time  necessary  to  make 
t  rather  than  the  cost  of  materials  used  in  it  must  be  reduced. 

He  had  found  a  very  simple  method  of  saving  time  to  be  the  use 
>f  cores  to  form  certain  parts  of  the  work  in  ordinary  green  sand 
nolds.    This  class  of  work  could  be  divided  into  two  parts. 

The  first  is  the  somewhat  intricate  casting  with  drawbacks  in  the 
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di^,  in  which  only  one  casting  is.  required,  as  for  instance,  tin  ma- 
chine shop  jig  shown  in  Fig.  45.  In  this  case,  the  bosses  fcRinui{the 
ends  of  the  bearings  would  have  to  be  made  loose  on  the  pattern  ud 
drawn  into  the  spaces  left  by  the  ribs  after  the  pattern  was  drawn,  il  tke 
moldweremadeallingreenaand.  luthedesignofsomeji^ofthiskiDd. 
it  is  impossible  to  draw  the  bosses  out  through  the  ribs  because  tik< 
ribs  are  not  thick  enough,  and  at  best  it  is  a  tedious  and  delicate  job 
By  using  cores,  as  shown  in  the  upper  right-hand  comer  of  the  dra** 
ing,  a  great  deal  of  time  can  be  saved  by  the  molder.  Instead  < 
using  the  boss  A  on  the  pattern,  it  is  set  in  an  ordinary  core  boat 
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core  frame  with  a  dowel  pin  to  center  it  and  the  cores  made  in 
box  or  frame  are  pimied  to  the  pattern  with  a  loose  pin  in  pi* 
the  original  boss.  Pieces  of  any  shape  can  be  formed  in  this  nu 
as  accurately  as  they  could  with  the  complete  pattern.  As  the 
is  rammed  about  the  pattern  the  loose  pins  are  withdrawn  and 
the  pattern  is  finally  drawn,  the  cores  remain  in  the  sand  ati' 
the  uiuiercut  or  drawback  portions  of  the  mold. 

Tlie  second  clas.s  of  work  is  shown  in  Fig.  46,  which  repr 
sample  of  standard  work  (if  which  there  are  many  castings  t 
l»ut  the  piece  is  of  siicli  ;iii  iiwkwanl  design  from  the  molder*; 
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view  that  it  would  be  difficult  to  make  up  in  green  sand.  The  section 
lines  show  two  cores  which  can  be  made  and  set  against  the  pattern 
and  the  heavily  shaded  part  of  the  pattern  represents  the  bearings 
which  were  made  to  support  the  cores.  The  core  is  made  in  two 
pieces,  as  shown,  each  being  a  simple  block  core  formed  in  a  core 
frame  or  core  box.  These  two  block  cores  can  be  laid  on  the  pattern 
80  that  they  fit  accurately,  without  any  chance  of  their  displacement, 
and  then  tied  into  the  cope  with  wires  attached  to  the  hooks.  After 
the  core  is  rammed  up  and  the  pattern  drawn,  the  result  is  a  mold 
finished  in  one  operation  from  a  pattern  that  would  ordinarily  intro- 
duce many  difficulties  in  the  work. 

If  the  patternmaker  studies  the  possibilities  of  the  use  of  cores 
for  forming  difficult  parts  of  the  casting,  it  will  be  no  more  difficult 
or  costly  to  make  the  patterns  so  as  to  produce  the  castings  by  this 
method  than  to  make  them  in  the  ordinary  way.  A  core  rammed 
up  in  a  mold  shows  practically  no  joint  where  it  meets  the  green 
sand,  whereas  a  core  set  i^to  place  after  the  mold  is  made  rarely  fits 
the  print  exactly  and  is  bound  to  show  unevenness  along  the  joints. 

Many  examples  of  this  class  of  work  might  be  shown,  but  these 
illustrate  the  principal  advantages  and  will  suggest  a  method  of 
working  out  such  a  problem. 

Thomas  D.  West  emphasized  the  necessity  of  grinding  the  sand 
properly,  and  told  of  a  case  where  the  grinder  was  out  of  commission 
and  an  attempt  was  made  to  prepare  the  mixture  by  shoveling,  tramp- 
ing it  with  the  feet,  and  pounding  with  rammers.  A  large  amount 
of  labor  was  expended  in  this  hand  treatment,  but  very  little  success 
achieved  in  securing  the  plastic  body  obtained  by  the  grinding  proc- 


RiCHARD  MoLDENKE  Called  attention,  in  a  written  contribution, 
to  the  lamentable  lack  of  initiative  in  all  departments  of  the  foundry, 
particularly  in  the  core  room.  He  had  frequently  been  called  into 
foundries  where  difficulties  in  practice  existed,  only  to  find  that 
the  foremen  were  insufficiently  informed  concerning  the  principles 
underlying  their  work.  He  urged  the  placing  of  Mr.  Lane's  paper 
in  the  hands  of  core-room  foremen,  with  instructions  to  repeat  at 
least  the  leading  tests  made  by  Mr.  Lane.  An  establishment  in 
which  the  testing  out  of  new  lines  of  operation  is  encouraged  will 
always  be  at  the  front  of  the  procession,  and  Mr.  Lane  has  shown 
the  way  for  the  core  room. 
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The  Author  said  with- regard  to  the  query  of  Mr.  Outerbrid^ 
that  there  are  several  industries  in  which  cast  fits  are  regularly  made. 
In  the  lock  industry  the  lock  cases  themselves  are  made  to  fit  with 
very  little  grinding,  and  in  some  cases  with  none  at  all.  As  to  the 
necessity  of  grinding  the  material,  since  the  paper  was  written,  he 
had  run  tests  in  a  number  of  foundries  on  both  green  sand  and  diy 
sand  facing  mixtures.  In  these  mixtures  the  bond  always  consists  of 
clay  as  a  base,  and  there  is  usually  present  either  flour  or  dextrin,  w 
glutrin  or  molasses  water.  The  grinding  of  clay  and  glutrin  together 
develops  the  maximum  colloidal  condition,  and  hence  bonding  effi- 
ciency. The  grinding  of  the  clay  with  the  flour  or  dextrin  toids 
to  develop  a  perfect  paste,  and  this  is  distributed  among  the  sand 
grains  in  the  most  efficient  manner  by  grinding.  The  surface  of 
each  grain  is  scoured  and  the  bonding  material  brought  into  absolute 
contact  with  the  grain.  The  grinding  also  forces  the  sharp  points 
of  the  grains  to  pass  one  over  each  other,  so  that  the  grains  th^ 
selves  may  be  said  to  serve  as  small  shovels  or  paddles  between  which 
the  bonding  material  is  being  worked  and  kneaded. 
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TESTS  OF  A  SAND-BLASTING  MACHINE 


Bt  Wm.  T.  NfxfSAiylnnii'^06LUMBU8,  Ohio 
Member  of  the  Society 

This  paper  gives  the  records,  results  and  conclusions  of  a  series 
of  quantitative  tests  of  a  sand-blasting  machine,  under  the  actual 
conditions  of  commercial  practice,  which  were  made  by  David 
H.  Ebinger  and  Robert  A.  Frevert,  of  Columbus,  under  the  direction 
of  the  author,  as  their  thesis  for  the  degree  of  mechanical  engineer 
from  The  Ohio  State  University  in  1910.  The  variables  in  the 
problem  were:  (a)  the  material  to  be  sand-blasted;  (6)  the  character 
of  its  surface;  (c)  the  air  pressure  best  to  use  with  different  ma- 
terials and  conditions;  (d)  the  size  of  nozzle  for  different  classes 
of  work;  (c)  the  angle  to  the  surface  of  the  work  at  which  the 
nozzle  should  be  held;  (/)  the  distance  from  the  work  at  which  the 
nozzle  should  be  held;  {g)  size,  sharpness,  kind,  character,  uniformity 
of  size,  and  cleanliness  of  the  sand,  and  the  number  of  times  it  has 
been  previously  used  for  sand-blasting;  Qi)  the  relative  dryness  of 
the  sand  and  of  the  compressed  air  of  the  blast;  (i)  the  proportion 
of  sand  to  air;  {j)  differences  in  commercial  machines. 

2  As  it  was  evident  that  a  complete  solution  of  the  problem 
was  impossible  in  the  time  available,  certain  of  the  variables  were 
made  constant  as  follows: 

a  The  material  was  pieces  of  cast  iron  wliich  had  been 
broken  as  test  bars  for  transverse  tests.  They  were  2  in. 
by  4  in.  in  cross-section  and  from  15  to  25  in.  long.  They 
had  been  cast  diagonally  on  edge  in  one  mold  from  one 
ladle  of  machinery  iron. 

h  Their  rough  surfaces  were  as  uniform  as  wtc  the  bars  them- 
selves. 
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c  A  new  nozzle,  ^  in.  in  diameter,  was  used  for  each  tot. 
To  remove  any  unevenness  of  the  interior  surface  d  the 
nozsles,  and  to  bring  them  all  exactly  to  the  same  tat- 
dition,  sand  was  blown  through  each  for  2  minntti 
previous  to  starting  the  teste.  No  teste  have  yet  been 
made  with  other  sizes  of  nozzles. 

d  The  sand  used  was  a  No.  3-J  Cape  May  grit,  new,  hard, 
sharp,  clean,  free  from  clay,  and  was  such  as  is  commoDlj 
used  by  the  trade.  It  was  obtained  from  a  large  storage 
bin  in  the  works.     It  was  thoroughly  dried  in  a  Pug- 
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bom  No.  1,  Type  M,  sand  dryer,  shortly  before  beinR 
used.  Great  care  was  taken  to  avoid  overheating  it  u**^ 
so  destroying  ite  strength  and  cohesion.  The  sand  w^** 
then  passed  through  a  No.  8  mesh  screen.  After  use  ^^ 
the  machine,  it  was  weighed,  sifted,  reweighed,  and  d»^ 
carded.     New  sand  was  used  for  each  test. 

e  The  sand  was  dried  as  above  described.     The  compr 
air  was  passed  through  a  separator  to  relieve  it  of  mmrta 
from  the  atmosphere  and  oil  from  the  compressor. 

/  No  attempt  was  made  to  regulate  and  adjust  the  p 
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tion  of  air  to  sand.    All  tests  were  run  with  the  regulat- 
ing valve  wide  open. 
g  No  compariaons  were  made  of  the  operations  or  results  from 
different  machines  on  the  market. 
Upon  the  three  remaining  variables,  the  air  pressure,  the  angle 
'een  the  surface  of  the  work  and  the  nozzle,  and  its  distance  from 
frork,  the  quantitative  experiments  were  made. 

SQUIFUSNT 

The  r^ular  equipment  of  the  D.  A.  Ebinger  Sanitaty  Matiu* 
iring  Company  at  Columbus,  Ohio,  was  used  for  these  tests.     It 


been  recently  installed  for  use  in  sand-blasting  cast-iron  ware 
■e  enamelling.  It  consisted  of  one  No.  8,  Type  C,  saad-blast- 
Qachine,  made  by  the  Thomas  W.  Pangbom  Company,  Jersey 

N.  J.,  having  a  sand  capacity  of  4000  lb.  per  charge.  It  was 
ded  with  a  moisture  separator,  pneumatic  sand  separator,  dust 

er,  and  exhaust  fan.  The  air  was  compressed  by  a  Fairbanks, 
le  &  Company  air  compressor,  having  a  capacity  of  138  cu.  ft.  of 
ur  per  minute,  and  driven  by  an  opposed  gas  engine  of  25  h.p 
3ity. 
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5  Fig.  1  shows  the  machine  and  Fig.  2  the  regulating  and  coa- 
trolling  valves.  Fig.  3  shows  the  mixing  chamber  for  the  m  mi 
sand.  Fig.  i  shows  a  plan  of  the  rooms  and  apparatus.  I^  5 
shows  the  sand-blasting  box  and  sand-catcher.  Fig.  6  shows  s  jduto- 
graph  of  the  machine,  blasting  room  and  apparatus.  Table  1  ffn 
the  record  of  the  tests  and  the  results.  Fi^.  7  to  9  graphieall;  ritoi 
the  results  obtained. 

OFEIUTION    OF  THE   MACHINE 

6  The  compressed  air,  coming  from  the  compressor,  enteis  tiK 
moisture  and  oil  separator  at  the  left  of  the  machine,  passes  through 
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theairrpgiiliitornlFiK.  2),whichhasan  indicator-handle  working ovW 
a  graduated  disc,  enters  and  passes  down  through  the  cylinder  b,  ImI" 
the  machine,  then  through  the  air  porta  in  the  piston  c  {Fig.  3),  and  en- 
gages the  entering  sand.  The  ports  in  the  top  of  the  cylinder,  caie  ol 
which  is  showTi,  deliver  the  air  to  the  sand  chamber,  so  as  to  maintaui 
equal  pressure  above  the  sand  and  to  assist  in  insuring  uniform  flow- 
The  sand-controller  handle  d  moves  on  a  quadrant,  having  limitrfop" 
fur  its  off  and  on  full  positions.     This  handle  permits  the  pisto ' 
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to  be  rotated  in  its  casing  e,  thereby  opening,  regulating  and  closing 
the  sand  ports  by  a  single  control.  The  stirrer  and  handle  /  con- 
nect with  its  fork  which  operates  inside  of  the  piston  and  mixing 
chamber  for  dislodging  caked  sand  that  may  form  under  certain  con- 
ditions. Ports,  elliptical  in  shape,  are  located  in  opposite  sides  of 
both  the  piston  c  and  the  casing  e,  and  are  inclined  downwards, 
so  starting  the  flow  of  the  sand  by  gravity.  The  rotation  of  the  pis- 
ton by  the  controller  handle  regulates  the  opening  of  the  ports  and 
the  flow  of  sand.  The  sand  on  leaving  the  ports  is  met  by  the  air 
coming  through  the  ports  in  the  piston.  They  cross  each  other  from 
opposite  sides  into  the  mixing  chamber  g.    By  this  cross  flow,  a  swirl- 
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Fig.  5    Sand-Blasting  Box  and  Sand  Catcher 

ing  motion  is  produced  and  a  thorough  mixture  of  the  sand  and  air 
is  obtained  in  the  rear  part  of  the  mixing  chamber.  The  mixture  is 
carried  forward  by  the  air  pressure  from  the  rear  part,  2^  in.  in 
diameter,  to  the  hose  connection  where  it  is  }  in.  in  diameter,  thence 
through  the  hose  to  the  nozzle,  whence  it  is  projected  upon  the  cast- 
ing to  be  sand-blasted. 


MEASUREMENT  OF  THE  AIB 


7  The  air  used  was  measured  by  a  pitotmeter  placed  horizon- 
tally in  a  run  of  straight  \\-\xi,  standard  welded  pipe  in  the  main 
air  line,  and  located  at  a  distance  from  any  fitting.    The  opening 
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of  the  dynamic  tube,  }  in.  in  diameter,  faced  the  current  of  airfm 
the  receiver  tank.    The  end  of  the  etatic  tube  was  trimmed  oS  flndi 
with  the  interior  of  the  pipe.    The  tubes  were  connected  by  \ia. 
pipes  to  the  ends  of  a  water  manometer.    The  difference  in  the  lerda 
of  the  liquid  in  the  two  legs  of  the  manometer  indicated  the  USSxt' 
ence  between  the  dynamic  and  static  pressures,  and  is  a  measuie  (^ 
the  velocity  head  m  inches  of  water.     From  the  formula,  »*  =  2(1^ 
the  velocity  of  the  air  in  the  pipe  was  calculated.     Deducting  tt* 
area  of  the  dynamic  tip  from  the  area  of  the  opening  in  the  pipe,  gfi^ 
the  net  area  of  the  air  pipe.     The  coefficient  of  discharge  was  talt* 
as  0,91,     To  remove  the  moisture  that  collected  in  the  tubes,  val"* 
were  plreed  in  each  of  the  tubes  above  tlie  manometer,  and  pet  co* 
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placed  in  the  tubes  directly  above  the  valves.  This  arrangem^* 
permitted  the  blowing  out  of  each  tube  before  taking  a  reading  oftl 
pitotmeter.  The  temperature  of  the  air  in  the  line  was  taken  ju- 
before  it  entered  the  stop  valve  at  the  machine.  Calibrated  pressa' 
gages  in  the  line  and  at  the  machine  gave  the  desired  pressures. 

MEASUREMENT   OF  TUB  SAND 

8  To  collect  the  sand  used  during  each  test  and  also  to  contt** 
the  blast,  a  closed  box  with  a  hopper  bottom  and  a  shelf  at  one  er» 
to  support  the  test  bar  was  prepared,  as  is  shown  in  Fig.  5.  Tfa 
sand  discharged  during  a  test  was  collected  in  the  hopper,  remove*^ 
and  weighed  as  total  sand  used.  It  was  then  sifted,  and  again  weighed 
thus  giving  by  difference  the  amount  of  sand  rendered  useless  by  tb' 
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test,  and  the  amount  of  sand  that  might  be  used  again  in  commercial 
practice.     It  was  not  again  used  in  these  tests. 

UEABUBEUENT   OF   THE   IRON   BEMOVBD 

9    The  test  bar  was  held  in  a  vertical  position  in  the  sand-blasting 
box.    Before  and  after  blasting,  it  was  carefully  weighed  on  a  plat- 
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pressure  at  machine 
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Air  Prbssure  at  Maciiin 


form  scale  of  250  lb.  capacity  by  quarter  ounces.     The  scale  was 
carefully  balanced  before  each  weighing. 
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METHOD  OF  liASmO  THIS  TBSTS 

10  In  each  test  the  new  nozzle  was  first  brought  to  a  uoifonnent- 
dition  by  discharging  a  blast  of  Band  and  air  through  it  for  2  min- 
utes under  a  constant  blast  pressure.  The  test  bar  was  weired  and 
placed  in  position  in  the  closed  hopper  box.  The  nozzle  was  then 
set  by  scale  for  its  distance  from  the  test  bar  and  by  bevel  protndoi 
for  its  angle  with  the  surface  of  the  test  bar.  The  air  regulabs  a 
was  kept  mde  open  during  the  tests.    The  desired  air  pressure  in  the 
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Fig.  S    Kebultu  of  Teste  in  Relation  to  Anole  of  Blast 

machine  was  secured  and  maintained  constant  by  adjusting  the  stop 
valve  in  the  supply  pipe  to  the  moisture  separator.  After  startingthe 
air  blast  and  carefully  adjusting  the  valve  to  maintain  a  constant  pre- 
sure  at  the  machine,  the  sand-controller  handle  d  was  moved  to  its 
open  position  at  the  instant  of  starting,  thus  allowing  sand  to  dov 
into  the  mixing  chamber  and  be  forced  by  the  blast  of  air  out  throup 
the  nonle  and  against  the  test  piece.  Readings  of  the  tempentnn 
■ad  pnmms  of  the  air  on  the  main  line  and  at  the  machine  m* 
Jar  intervals  of  about  2  minutes.  In  closing  Jo" 
%  t)ie  end  of  a  test,  the  sand  valve  was  first  doBed  KK> 
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tben  the  ur  valve;  the  test  bar  was  weighed,  and  the  differetice  of 
the  two  we^ts  gave  the  amount  of  iron  removed;  the  sand  discharged 
was  weighed,  aifted  and  i^;^  weighed. 


VARIABLES  07  THE  TESTS 


11    Starting  at  20  lb.  corrected  pressure  at  the  machine  os  the 
first  test,  and  increasing  by  10  lb.  up  to  and  including  70  lb.  pres- 
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DISTANCE  OF  TEST  BAH  FROM  NOZZLE,  IN. 

Fio.  9    Rebults  of  Tebts  ik  Relation  to  Distance  of  Nozzle  prom 
Work 

sure,  the  variation  in  the  efTectiveness  of  the  blast  due  to  increase  of 
pressure  was  obtained,  with  the  nozzle  set  at  45  deg.  and  at  8  in.  from 
the  teet  bar. 
12    In  the  second  series  of  tests,  a  constant  pressure  of  60  lb.  was 
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fiCTBD  DATA  AND  CALCULATED  RESULTS 


Angto  Variable 


I 

17 


10 


u 
n 
u 

17 
B44 


)26 
137 
)29 
}30 


8 

45 

8 
10 
60 
75.0 
20.80 
87.50 

0.185 

0.0118 

5.488 

63.16 

0.4427 

140.4 
1.587 
10.10 

7.752 

42.51 

41.8125 

41.1568 
0.1562 
0.015«2  j 

0.03675 
869.0 
36.9 

86.81  I 
275.0 
27.5 
74.5 
94.0 
9.4 

22.11 

2362.0 

Line  25 

Llue5 

100  (Line  26) 

Line  19 
Line  28 

Line  5 
Line  29 

Line  26 


9 

60 
8 

10 

60 

77.0 

29.20 

78.10 
0.154 
0.0138 

5.704 

62.25 

0.4604 

185.2 
1.730 
10.55 

8.096 

46.18 

51.6172  I 

51.4531  I 

0.1641  I 

0.01641  I 

0.03554 
854. 0    I 
36.4 

78.83 
268.0 
26.8 
73.6 
96.0 
9.6 

20.79 

2218.0 


10 

90 
8 

10 

60 

79.0 

29.20 

80.15 
0.140 
0.0117 

5.800 

62.28 

0.4687 

132.8 
1.553 
9.996 

7.670 

44.53 

30.8437 

30.7100 

0.1328 

0.01328 

0.02982 
878.0 
37.8 

84.88 
279.0 
27.9 
73.8 
99.0 
9.9 

22.23 

2846.0 
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11 

45 
4 

10 

60 

78.4 

20.08 

78.97 
0.180 
0.0108 

5.781 

62.34 

0.4667 

133.04 
1.440 
9.625 

7.386 

42.70 

44.2656 

44.1875 

0.0781 

0.00781 

0.01829 
361.0 
36.1 

84.55 
248.0 

24.8 

68.7 
113.0 

11.3 

26.46 
4642.0 


12 

45 

6 

9 
60 
77.7 
39.30 
89.66 

0.137 

0.0106 

5.626 

63.13 

0.4543 

186.8 
1.450 
9.657 

7.411 

41.69 

41.1250 

40.9219 

0.2031 

0.02257 

0.05413 
341.0 
37.9 


18 

45 

8 

10 

60 

75.0 

29.30 

87.50 
0.135 
0.0118 

5.488 

63.16 

0.4437 

140.4 
1.587 
10.10 

7.753 

43.51 

41.3135 

41.1568 

0.1563 

0.01563 

0.03675 
869.0 
36.9 


25.42 


1679.0 


22.11 


2362.0 


14 

45 

10 

10 

60 

77.0 

29.08 

77.94 
0.135 
0.0104 

5.705 

63.35 

0.4606 

135.3 
1.406 
9.508 

7.296 

41.63 

44.4063 

44.8656 

0.1406 

0.01406 

0.03378 
356.0 
35.6 


90.90 

86.81 

85.52 

246  0 

275.0 

289.0 

27.3 

27.5 

28.9 

72.1 

74.5 

81.2 

95.0 

94.0 

.   67.0 

10.6 

9.4 

6.7 

16.09 


2532.0 


Line  32 
Line  33 
Line  34 


Line  31 

Line  5 
100aiine32) 

Line  19 
Line  27 

Line  24 


7A 

30 
8 

10 

60 

77.8 

29.30 

79.44 
0.306 
0.0173 

5.739 

63.34 

0.4633 

184.3 
2.324 
12.23 

9.382 

53.84 

41.4319 

41.3125 

0.1094 

0.01094 

0.0203 
243.0 
24.3 

45.13 
180  0 
18.0 
74.1 
63.0 
6.30 

11.70 

2221.0 
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maintained  at  the  machine,  and  the  nozzle  set  at  8  in.  from  the  test 
bar.  The  angle  was  varied  from  30  to  90  deg.  The  effectiv^esBol 
these  angles  of  blast  was  in  this  way  obtained. 

13  In  the  third  series  of  tests,  the  distance  of  the  nozzle  from  the 
test  piece  was  varied,  the  angle  being  set  at  45  deg.  and  the  air  pres- 
sure maintained  constant  at  60  lb. 

OBSEBVATIONB 

14  It  was  noted  that  with  no  sand  flowing,  the  quantity  of  air 
flowing  approximated  the  theoretical  discharge  for  the  nozzle.  On 
turning  on  the  sand,  the  quantity  of  air  flowing  immediately  (i^ 
creased;  and  when  the  sand  was  "on  full/'  the  amount  of  air  dis- 
charged was  only  40  to  50  per  cent  of  the  original  quantity. 

15  With  constant  air  pressiu*e  and  with  the  sand-controller  levtf 
in  its  "on  full "  position,  on  account  of  the  variation  in  the  openingsof 
the  sand  and  air  ports  of  the  machine,  about  30  tests  were  required 
to  be  made  in  order  to  get  even  fairly  concordant  results  for  the  pounds 
of  sand  discharged  per  100  cu.  ft.  of  free  air  flowing  per  minute,  as 
shown  on  Line  27,  Table  1.  For  constant  pressure,  variations  in 
the  pitotmeter  readings  were  due  to  the  variations  in  the  sand  flow- 

•  ing.  As  the  quantity  of  sand  decreased,  the  velocity  and  quantity 
of  air  increased,  but  the  quantity  of  sand  discharged  per  pound  of 
iron  removed  also  decreased.  This  can  be  seen  by  comparing  the 
readings  on  Line  34  for  tests  7  and  7 A.  It  would  seem  that  further 
experiments  might  prove  that  at  other  angles  than  30  deg.,  and  at 
other  distances  than  8  in.,  and  at  other  pressures  than  60  lb.,  less 
sand  would  be  used  per  pound  of  iron  removed  if  the  sand-regulating 
valve  was  not  open  so  much.  This  would  make  the  energy  of  the 
individual  grain  of  sand  greater  and  its  blasting  effect  larger.  Fur- 
thermore, there  would  be  less  piling  up  of  the  sand  on  the  surface 
being  sand-blasted. 

RESULTS 

16  From  these  quantitative  experiments  on  a  cast-iron  test  bar 
for  these  three  variables,  within  the  limits  used,  the  results  as  given 
in  Table  1  and  graphically  shown  in  Figs.  7,  8  and  9,  are  as  follows: 

a  For  a  constant  distance  of  8  in.,  and  at  a  constant  angle  of 
45  deg.,  betweem  the  nozzle  and  the  test  bar,  the  equiva- 
lent amount  of  free  air  delivered  per  minute,  the  iron  ^ 
moved,  the  sand  discharged,  and  the  sand  used  up  p^ 
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100  cu.  ft.  of  free  air  flowing  per  minute^  vary  directly 
with  the  pressure;  the  per  cent  of  usable  sand  remaining, 
and  the  amount  of  sand  discharged  per  lb.  of  iron  removed 
vary  inversely  with  the  air  pressure  in  the  machine. 
(See  Lhies  19,  24,  27,  33,  30,  and  34,  Fig.  7.) 

6  With  a  constant  pressure  of  60  lb.  in  the  machine,  and  a 
fixed  distance  of  8  in.  from  the  nozzle  to  the  test  bar,  the 
largest  amount  of  metal  was  removed,  and  the  least 
amount  of  sand  was  required  to  do  it,  when  the  angle 
between  the  nozzle  and  the  surface  of  the  work  was  from 
40  to  60  deg.     (See  Lmes  24  and  34,  Fig.  8.) 

c  With  a  constant  pressure  of  60  lb.  in  the  machine  and  a  con- 
stant angle  of  45  deg.  between  the  nozzle  and  the  surface 
of  the  test  bar,  the  largest  amount  of  metal  was  removed, 
and  the  least  amount  of  sand  was  required  to  do  it,  when 
the  distance  from  the  nozzle  to  the  work  was  about  6  in. 
(See  Lmes  24  and  34,  Fig.  9.) 

d  With  a  constant  pressure  of  60  lb.  and  a  fixed  distance  of  8 
in.  from  the  nozzle  to  the  test  bar,  the  amount  of  sand 
used  up  varies  as  the  directness  of  the  blast.  (See  Line 
S3,  Table  1.) 

e  With  a  constant  pressure  of  60  lb.,  and  a  constant  angle  of 
45  deg.  between  the  nozzle  and  the  test  bar,  the  amount 
of  sand  used  up  varies  inversely  with  the  distance  of  the 
nozzle  from  the  test  bar.     (See  Line  33,  Fig.  9.) 

/  For  a  constant  angle  of  45  deg.,  and  a  fixed  distance  of  8 
in.  between  the  nozzle  and  the  test  bar,  twice  as  much 
metal  was  removed  at  56  lb.  pressure  as  at  20  lb.;  at  64 
lb.  as  at  30  lb.;  and  at  72  lb.  pressure  as  at  40  lb.  (See 
Line  24,  Fig.  7.) 

g  With  a  constant  pressure  of  60  lb.,  and  a  constant  distance 
of  8  in.  between  the  nozzle  and  the  test  bar,  over  20  per 
cent  more  metal  was  removed  with  the  nozzle  held  at  45 
deg.  than  at  90  deg.  to  the  test  bar. 

h  With  a  constant  pressure  of  60  lb.,  and  a  constant  angle  of 
45  deg.  between  the  nozzle  and  the  test  bar,  60  per  cent 
more  metal  was  removed  when  the  nozzle  was  held  at  6 
in.  than  at  10  in.  from  the  test  bar. 
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CONCLUSIONS 

17  Unless  it  can  be  shown  that  the  extra  cost  of  oompressiDgon^ 
hour's  supply  of  air,  or  2760  cu.  ft.  of  free  air  per  hour  (60z46ca.ft- 
per  minute  for  72  lb.  pressure,  line  19  of  Test  6)  to  a  pressure  of  72 
lb.  per  sq.  in.  exceeds  the  cost  of  compressing  two  hours'  supi^  of 
air,  or  4090  cu.  ft.  of  free  air  (2  x  60  x  34.09  cu.  ft  per  minute  for 
40  lb.  pressure,  line  19,  Test  3)  to  40  lb.  by  the  cost  of  an  hoar  of 
labor  (25  cents),  the  higher  pressures,  delivered  at  an  angle  of  about 
45  deg.,  and  at  a  distance  of  about  6  in.  from  the  work,  are  to  be 
{K'eferred  for  the  sand-blasting  of  cast  iron. 

18  Assuming  that  the  actual  horsepowers  required  to  compraflB 
1  cu.  ft.  of  free  air  per  minute  to  be  1.1  times  that  theoretically  re- 
quired, or  0.113  to  compress  to  40  lb.  and  0.165  Lp.  to  oompraa  to 
72  lb.  gage  pressure,^  the  34.09  cu.  ft.  per  minute  at  40  lb.  will  require 
7.7  h.p-bu:.,  and  the  46  cu.  ft.  per  minute  at  72  lb.  pressure  irill 
require  7.59  h.p-hr.  It  will  thus  be  seen  that  the  total  power  re- 
quired to  compress  the  necessary  air  to  remove  1  lb.  of  iron  ispracii' 
cally  the  same,  irrespective  of  the  air  pressure. 

19  If  this  should  be  true  for  other  relative  jxressuresand  conditioDSf 
the  total  cost  of  sand-blasting  equals  the  constant  cost  of  eompresaion 
per  pound  of  iron  removed,  plus  the  siun  of  the  time-costs  of  labor, 
interest  and  overhead  charges;  and  therefore,  the  higjier  the  pressure 
used,  the  less  will  be  the  time,  labor,  and  total  cost  of  remofviDg  a 
pound  of  material. 

DISCUSSION 

P.  C.  Brooksbank^  observed  that  no  test  was  made  of  low  pressures- 
The  pressures  seem  to  nm  between  20  and  70  lb.    There  is  a  great 
amount  of  work  that  can  be  done  at  5  and  10  lb.  and  25  lb.  is  suffici^t 
to  do  any  kind  of  work.    The  most  valuable  part  of  the  sand  blast 
is  to  have  a  large  volume  of  air  at  the  low  pressure  and  carry  a  larger 
amount  of  sand.     He  did  not  think  it  necessary  to  use  50,  60  or  70  lb. 
when  20  or  25  lb.  would  do  the  work,  but  if  the  machine  was  not  effi- 
cient and  must  have  20  to  40  lb.,  that  was  another  matter.    There 
are,  however,  machines  which  will  work  at  5  lb.  and  there  is  a  great 
amount  of  work  to  be  done  at  that  pressure  in  a  better  way  than  at 
liigh  pressures.     The  diflference  between  the  cost  of  compressing  a^'' 
at  15  to  20  lb.,  or  60  to  70  lb.  is  a  totally  different  thing. 

1  Kent's  Pocket  Hook,  p.  006. 
^Tilghman-Brooksbank  Sandblast  Co.,  Phila.,  Pa. 
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I.  GiELE  said  that  two  years  ago  he  had  tried  to  get  some  definite, 
.te  information  from  the  manufacturers  of  sand-blasting  appara- 
to  the  conditions  on  which  the  efficiency  of  such  an  apparatus 
is.  He  found  that  many  foundrymen  had  the  idea  that 
)lasting  was  a  scouring  operation.  In  his  opinion  it  was  a 
r  of  hammer  blow  rather  than  scouring  and  the  desired  action 
mpact  such  kinetic  energy  of  the  impinging  particles  of  sand 
bey,  striking  the  casting,  will  clean  off  the  scale. 
be  selection  of  apparatus  his  observation  had  been  that  probably 
3st  efficient  apparatus  would  be  that  which  would  impart  the 
3t  kinetic  energy  to  the  sand  stream  with  any  given  sand,  that 
he  particles  of  sand  are  all  of  a  given  weight,  the  energy  will 
^portioned  to  the  square  of  the  velocity  of  the  particles,  and 
>re  the  effectiveness  of  the  apparatus  considered  separately 
directly  as  the  velocity  which  it  imparts  to  the  sand, 
upposed  that  that  sand  which  had  the  largest  individual  grains 
paratus  would  handle,  the  largest  proportion  of  grains  uniformly 
t  size  and  the  highest  specific  gravity,  would  be  the  most  effi- 
the  efficiency  of  operation  varying  directly,  of  course,  with  the 

of  the  individual  grains.    The  least  friability  of  grains  would 
i  an  important  point  to  consider  in  selecting  the  sand,  as  the 
riable  grains  would  waste  less  of  their  kinetic  energy  in  the 
[ig  up  of  the  sand  itself, 
le  selection  of  the  distance  between  the  nozzle  and  the  surface 

casting  being  cleaned  and  of  the  angle  of  impact,  there  is 
•  room  for  variation  than   in  any  of  the  other  conditions, 
epends,  of  course,  on  the  operator  and  on  the  shape  and  posi- 
'  the  casting  upon  which  he  is  working, 
efficiency  then  depends  on  the  apparatus,  in  so  far  as  the 

imparted  to  the  sand  depends  upon  its  velocity;  on  the  sand, 
Eir  as  the  energy  imparted  to  it  by  the  apparatus  depends  on 
ight  of  the  individual  grains;  and  on  the  amount  of  energy 
ted  in  destruction  of  the  sand  itself;  the  operator  being  left 
ermine  the  distance  between  the  nozzle  and  the  surface  of  the 
;,  and  also  the  angle  of  impact.  The  effective  working  force 
operation  arises  from  the  change  of  direction  [of  motion  im- 

to  the  sand  grains. 

reason  why  the  sand  blast  is  more  effective  when  applied  at 
que  angle  rather  than  normal  to  the  surface  to  be  cleaned,  lies 
interference  between  the  rebounding  grains  and  the  impinging 
of  sand. 
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A  good  point  brought  out  by  the  author,  often  Overlooked  by  many 
sand-blast  operators,  is  the  protection  of  the  casting  by  the  sand 
which  accumulates  on  its  surface.    The  casting  should  always  be 
set  up  or  held  in  such  position  that  the  sand  falls  away  as  it  aceumu- 
lates,  and  leaves  the  surface  free  for  the  action  of  the  sand  comini^ 
later. 


A.  G.  Warren^  said  that  the  object  of  the  sand  blast  is  to  ck 
the  castings  and  not  to  decrease  the  weight  materially.    He  hiix3 
always  contended  that  it  was  useless  to  use  a  higher  pressure  thft-:Ki 
necessary  to  remove  the  sand  and  scale  instantly.  A  properly  design^^ 
machine  with  ample  passages  for  air,  such  as  the  right  sizes  of  pipe^ 
etc.,  gives  the  whole  available  pressure  at  the  nozzle  and  does  nc^t 
make  the  sand-blasting  machine  a  reducing  valve.     He  regarded  tkaie 
bath-tub  industry  as  the  best  example  of  the  cleaning  of  cast  iroK3. 
It  was  the  first,  he  believed,  to  take  hold  of  the  sand-blasting  machin^^ 
and  make  a  commercial  success  of  them.    The  larger  number  of  the^»« 
manufacturers  use  a  pressure  varying  from  15  to  25  lb.,  and  wit^l 
nozzles  running  from  f  to  1  in.  in  diameter,  which  enables  them  feo 
clean  inside  and  out  in  less  than  five  minutes'  time  a  tub  having  aoirsc 
65  sq.  ft.  of  surface.     He  had  not  yet  been  able  to  find  a  so-calle<I 
high-pressure  sand-blasting  machine  that  could  equal  this  record. 
In  the  cleaning  of  steel  castings,  there  is  a  possible  chance  of  higher 
pressures,  in  some  lines  of  work,  being  used  to  advantage. 

J.  M.  Betton*  had  noticed  in  some  applications  of  sand-blasting, 
especially  when  the  jet  is  perpendicular  to  the  work  so  that  the  sand 
seems  to  boil  as  if  it  were  a  stream  of  water  coming  up  in  a  sandy- 
bottomed  stream,  and  the  particles  work  around  in  a  small  circle, 
finally  disperse  and  are  followed  by  others. 

S.  C.  Smith  suggested  that  nothing  had  been  said  about  the  stand- 
ardization of  sand,  except  that  at  Cape  May,  and  asked  the  author 
to  make  a  statement  regarding  the  average  size  of  grains  and  their 
shape,  also  the  weight  of  the  grains.  He  thought  this  would  be » 
valuable  addition  to  the  subject  and  enable  those  who  do  not  know 
much  about  sand  to  have  a  better  idea  of  it. 

The  Author.  Before  beginning  this  series  of  experiments,  a  search 
was  made  of  engineering  literature  to  discover  what  information  was 

U.  W.  Paxson  Co.,  Phila.,  Pa. 
m  Park  Place,  New  York. 
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available.  Such  as  was  found  was  of  a  trade  character,  and  descrip- 
tive of  certain  commercial  machines.  The  manufacturers  were  com- 
municated with  for  information  and  advice,  and  although  they  kindly 
replied,  few  data  that  were  definite  and  many  that  the  experiments 
seemed  to  disprove  were  received.  For  example,  one  manufacturer 
advised  that  the  nozzle  should  be  held  90  deg.  from  the  casting,  as 
being  most  efl[icient. 

In  reply  to  the  discussion,  the  power  required  to  compress  the  nec- 
essary air  to  remove  1  lb.  of  iron  is  practically  the  same,  irrespective 
of  the  pressiwe,  and  the  cost  of  the  labor  required  to  remove  1  lb.  of 
iron  using  40  lb.  pressure  is  double  that  required  to  remove  1  lb.  using 
72  lb.  pressure.     As  the  cost  of  the  labor  required  to  do  the  same 
work  is  2f  that  when  using  20  lb.  pressure  as  when  using  72  lb.,  it 
did  not  seem  desirable  to  push  the  comparison  any  further  and  meas- 
ure the  metal  removed  at  air  pressures  under  20  lb.     However,  it 
is  possible  that  for  the  sand-blasting  of  certain  kinds  of  castings, 
other  elements  may  enter  into  the  problem  which  would  offset  the 
advantage  of  the  cost  of  labor  of  the  high-pressure  system,  and  cause 
the  lower  pressure  to  be  preferred.     The  operator's  fear  of  the  blast 
and  the  damage  it  could  do,  caused  one  sand-blasting  equipment  to 
be  very  inefficient  and  almost  useless;  and  when  the  air- valve  was 
opened  on  him,  he  promptly  resigned. 

Replying  to  Mr.  Smith,  I  would  say  that  the  No.  3-J  Cape  May 
^it  which  was  used  had  been  passed  through  a  No.  8  mesh  screen, 
^ter  being  dried.  The  grains  were  well-rounded  o voids.  Only  a 
trace  passed  a  No.  30  screen,  3  per  cent  passed  the  No.  20  but  not  the 
No.  30  screen,  77  per  cent  passed  the  No.  10  but  not  the  No.  20  screen, 
^nd  20  per  cent  passed  the  No.  8  but  not  the  No.  10  screen.  In  short, 
©7  per  cent  was  a  No.  8-20  sand.  Its  specific  gravity  was  2.649. 
Its  fusion  point  was  3254  deg.  fahr.  Chemical  analysis  of  a  100-gram 
sample  gave 

Loss  by  ignition,  combined  water 0.22 

organic  matter 0.00 

FejOi 0 .  44 

Al,Oi 0 .  60 

CaO 0.34 

MgO 0.31 

SiO, 98.06 

Total 99 .97 

The  nozzles  were  y§  in.  in  diameter  of  opening;  and,  when  using 
this  sand,  lasted  from  two  to  six  liours  of  continuous  use,  averaging 
four  hours,  depending  upon  their  hardness. 


No.   1334 

DIE  CASTINGS 
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The  art  of  die  casting,  that  is.,  the  making  of  castings  in  steel  molds 
to  finished  size  and  shape,  was  first  introduced  in  connection  with  the 
manufacture  of  type.  The  first  attempt  at  type  founding  was  made 
in  France,  followed  shortly  by  manufacturers  in  other  coimtries. 
The  first  successful  attempt  in  the  United  States  was  about  1735. 
As  soon  as  it  was  established  that  finished  tyi)e  could  be  cast  in  steel 
molds,  inventors  naturally  turned  their  attention  to  machines  for 
doing  the  work.  Such  machines  were  attempted  early  in  the  19th 
century  and  by  the  close  of  that  century  the  perfected  linotype  and 
monotype  machines,  which  are  fine  examples  of  die-casting  machines, 
had  been  evolved.  Machines  for  casting  individual  pieces  of  type 
are  also  still  in  use  and  the  most  recent  ones  will  cast  about  125  to 
150  pieces  per  minute.  This  gives  some  idea  of  the  speed  with  which 
such  castings  can  be  made. 

2  When  the  casting  of  type  was  perfected,  it  saved  so  much 
time  that  its  usefulness  for  making  other  pieces  which  were  wanted 
m  large  quantities  was  at  once  evident.  Accordingly  many  men 
have  made  efforts  to  perfect  a  machine  or  process  by  which  they 
could  turn  out  finished  castings  correct  as  to  size  and  shape.  Since 
type  was  first  successfully  cast  it  is  natural  that  the  same  methods 
should  be  used  for  making  other  castings.  So  far  no  material  superior 
to  steel,  the  material  used  for  type  molds,  has  been  found  for  making 
the  matrices,  or  dies,  as  they  are  called.  Brass  can  be  and  is  used 
where  the  casting  is  very  intermittent  as  in  a  linotype  machine,  but 
for  continuous  work  and  where  accuracy  and  truth  are  required,  steel 
is  necessary. 

3  The  next  consideration  after  the  material  for  the  dies  is  that 
for  the  castings.    Table  1  gives  a  few  facts  concerning  the  materials 


Presented  at  the  Annual  Meeting  1911,  of  The   American   Society   of 
Mecbamioal  Engineers. 

839 


840 


DIE  CABTINQ8 


that  are  of  interest  in  connection  with  this  subject,  whether  {ormaldng 
dies  or  castings. 

4  There  are  only  a  few  common  metals  with  a  melting  point  soffi- 
ciently  low  to  be  cast  in  steel  dies,  because  these  do  not  have  to  be 
brought  to  their  melting  point  to  be  spoiled.  If  improperly  treated 
in  making,  the  dies  are  very  susceptible  to  injury  in  use.  Fhe 
cracks  are  sometimes  made  in  hardening  the  dies,  causing  them  to 
break  when  subjected  to  the  constant  change  of  temperature  whieh 
occurs  in  their  use.  Thin  places  in  dies  are  more  apt  to  get  burned 
than  heavy  parts.  For  most  work  hardened  dies  are  superior  to 
soft,  but  their  cost  is  very  much  greater. 


TABLE  1    DATA  OF  MATERIALS  USED  FOR  DIES  AND  CASTINGS 


Material 


Altunlnum. 
Antimony. 
Bismuth... 
Cadmium.. 

Copper 

Lead 

Macneelum 

Tin 

Zino 

Iron 

Niokel 

Steel 


Melting  Point 

Deg.  Cent. 

Deg.  Fahr 

Al 

067 

1214 

Sb 

830 

1166 

Bl 

286 

1         511 

Cd 

323 

1         612 

Cu 

1072 

1951 

Pb 

326 

618 

Me 

633 

1171 

Sn 

230 

446 

Zn 

415 

779 

Fe 

1505 

2742 

Nl 

1451 

2644 

1427 

2600 

Strength  Lb.  per 
Sq. In. 


Tenetie 

16000 
6400 


Com- 
preratve 


12000 


Modnloiof 
Ebitlcttr 


i\mjn 


30000 

2000 

4000 

6600 

53000 

66000 


86000 


5  In  general,  the  method  of  making  a  casting  is  as  follows:  A 
suitable  die  or  mold  is  made  in  steel.  This  must  be  so  arranged  that 
when  opened,  the  casting  will  either  drop  out  or  be  easily  ejected. 
The  die  should  have  the  fewest  possible  partings.  This  is  important 
because  it  is  easier  to  hold  the  casting  to  correct  size  when  the  die  is 
in  a  few  pieces  than  when  it  is  in  many.  Also,  the  fewer  the  partings, 
the  fewer  the  fins  that  will  be  made  on  the  castings.  Fig.  1  shows  a 
complicated  castmg. 

6  Whenever  cores  are  necessary,  suitable  means  must  be  provided 
for  withdrawing  these  without  deforming  the  casting.  Tie  die 
must  close  properly,  that  is  in  correct  alignment,  and  be  held  finely 
because  the  pressure  of  the  fluid  metal  has  to  be  overcome.  The  die 
being  held  closed  in  the  machine,  metal  is  forced  into  the  die,  pressure 
being  provided  by  a  pump  which  acts  directly  on  the  metal,  by  air 
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ure  on  top  of  the  molten  metal  or  by  a  head  of  molten  metal, 
metal  ia  ^owed  only  to  set.  The  mold  is  then  opened  and  the 
ag  removed,  the  casting  being  left  in  the  mold  only  as  long  as  is 
utely  necessary.  If  the  die  is  too  hot,  it  is  then  cooled  and  the 
ition  repeated.  The  temperature  of  the  die  is  importaat,  and 
id  be  held  constant  because  the  expanaon  of  the  die  will  change 
dze  of  the  casting.  This  operation  is  generally  carried  on  in 
lied  hand-casting  machines,  that  is,  machines  operated  by 
lal  labor. 

Automatic  machines  are  in  use  and  have  great  advantages  in 
ucing  uniform  castings  because  the  conditions  do  not  vary.    The 
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naatic  machine  is  run  at  a  constant  speed  and  is  not  subject 
irying  conditions  due  to  the  operator  becoming  tired.  Hand- 
ug  machines  produce  quantities  of  500  per  day,  more  or  less, 
ading  on  the  size  and  complexity  of  the  piece.  Automatic 
lines  produce  the  castings  much  more  rapidly  and  save  on  labor 
as  does  any  other  type  of  machinery.   . 

While  the  writer  has  been  able  to  find  only  one  maker  of  casUng 
lines  who  is  willing  to  publish  a  description  of  them,  a  few  illus- 
jns  are  given  to  indicate  the  form  of  machine  that  ia  used,  and  it 
t  be  well  to  say  that  these  actually  show  only  the  principles 
ved  in  each  machine  rather  than  the  perfected  mechanism. 

Fig.  2  shows  a  machine  in  which  the  metal  is  pumped  into  the 

by  hand.     A  is  the  hot,  molten  metal;  C  the  charging  chute; 

valve  to  close  this;   E  the  pump  cylinder;  F  the  plimger;  G 


DIE  cABmroa 
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the  pump  lever;  J  the  nozzle  through  which  metal  is  forced  into  the 
mold  M;  K  a  valve  for  emptying  the  metal  pot  B.  The  gas  for  heat 
is  supplied  through  pipe  L,  and  the  waste  gaaes  escape  at  T. 

10  Fig.  3  shows  an  automatic  machine.  A  is  the  molten  metal; 
B  the  gas  pipe;  D  the  pump  plunger;  E  the  pump  cylinder;  F  a  valve 
to  close  the  passage  between  the  pump  chamber  and  the  metal  pot, 
while  metal  is  forced  through  the  nozzle  into  the  die  or  mold  Q, 
which  is  brought  up  tightly  against  the  nozzle  while  the  metal  is 
forced  in.  The  left  end  of  F  closes  the  nozzle,  while  metal  is  drawn 
into  the  pump  chamber  by  the  rising  of  the  plunger  Z>. 


Fio  4   Machine 
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11  Fig  4  shows  a  hand  machine  m  which  air  pressure  is  used  to 
orce  the  metal  mto  the  mold  Air  enters  at  A  and  is  controlled  by 
he  valve  B  It  comes  down  through  the  vertical  pipe  C  and  exerts 
I  pressure  on  the  loose  piston  B  This  piston  is  hollow  and  floats  on 
he  metal  contamed  in  the  pump  chamber  E  Metal  is  admitted  to 
his  chamber  E  from  the  mam  metal  pot  F  through  the  valve  G.  The 
Qetal  is  forced  by  the  pressure  of  the  piston  D  out  of  the  nozzle  H 
nto  the  mold  /.  The  use  of  the  piston  D  prevents  oxidization  of  the 
netal  from  contact  with  the  air  which  is  admitted  to  force  the  metal 
Mto  the  mold.  This  air  pressure  is  released  before  the  valve  Q  is 
tpened  so  that  metal  can  flow  by  gravity  into  the  pump  chamber. 
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The  metal  which  is  forced  directly  into  the  mold  is  taken  from  bdow 
the  top  surface  .of  the  molten  metal  and  this  precludes  the  oxidiKd 
skin  on  top  of  the  metal  from  being  forced  into  the  dies.  Aiy  of 
this  oxidised  metal  would  make  bad  castings  so  that  this  poiiit  i.s 
important.  The  entire  piunp  chamber  in  this  arrangement  is  lak:^- 
merged  in  molten  metal  so  that  it  is  kept  hot.  The  noiiie  is  ^m) 
situated  that  it  is  probable  extra  means  would  have  to  be  used  to  ke^^p 
it  heated  and  prevent  the  metal  from  freezing  at  this  point.  Undoub>^ 
edly  in  the  practical  working  out  of  the  machine  this  point  wu  cu^a/ 
for. 

12    The  feature  about  die  castings  which  most  appeals  to  the  man- 
ufacturer is  their  accuracy.    So  long  as  the  dies  are  in  good  conditioD 
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the  castings  should  be  perfectly  true,  both  in  size  and  shape.  This 
does  away  with  the  necessity  of  gaging  and  makes  it  possible  to  iise 
them  without  their  having  to  be  fitted  into  place  by  any  hand  ffort 
A  careful  inspection  is  necessary,  and  this  should  be  done  as  soon  « 
possible  after  the  castings  are  made  so  as  to  detect  any  flaws  due  to » 
slight  failure  of  the  dies.  Any  Atis  or  burs  formed  by  the  necewuj' 
joints  in  the  dies  can  be  removed  at  the  same  time  that  the  oartmp 
are  inspected.  Usually  these  fins  are  not  thick  and  can  be  tskffl  ™ 
tlioroughly  and  quickly  with  a  light  hand  tool. 

13  A  difficulty  due  to  shrinkage  is  sometimes  encountered  when 
these  castings  are  to  be  used  in  connection  with  parts  made  by  sonw 
other  process.  While  the  shrinkage  will  be  the  same  in  two  casting 
made  in  the  same  die  if  the  metal  is  properly  handled,  it  does  not 
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rvys  follow  that  it  is  proportionately  the  aame  when  they  are  nude 
en  different  molds.  It  is  affected  to  a  marked  degree  by  the  form 
bhe  casting,  and  if  the  castings  are  to  be  used  inconnectiou  with 
chined  pieces,  it  is  advisable  that  these  be  machined  to  fit  the  cast- 
-  When  it  is  not  possible  to  do  this  and  the  casting  must  be 
'Cd  to  existing  pieces,  sample  castmgs  shoold  be  made,  and  if  these 
not  correct,  the  dies  can  be  altered  to  make  castings  that  are  correct. 
«loing  this,  sufficient  material  must  be  allowed  for  grinding  away, 
t  casting  being  at  first  too  small,  although  this  makes  a  great  deal 
extra  work. 

L4  The  greatest  gain  obtains  when  an  entire  machine  can  be  made 
such  castings.  One  of  the  best  examples  of  this  is  the  Veeder 
slometer  so  universally  used  on  bicycles.  This  instrument  is  com- 
sed  of  about  a  dozen  die  castings  and  nearly  as  many  parts  of  other 
iterials.     The  number  rings  have  0.001  in.  play,  and  yet  these  cast- 
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;s  are  made  in  enormous  lots  and,  without  being  gaged,  are  assem- 
d  into  the  die-cast  cases  where  they  fit  and  work  properly.  So 
ict  are  these  castings  that  when  new,  the  instruments  work  more 
,ily  without  lubrication  than  with  it.  This  would  obviously  be 
isible  only  where  the  clearances  are  extremely  small.  A  small 
lension  on  these  castings  can  be  maintained  to  0.0001  in.  This 
trument  is  illustrated  in  Fig.  5,  the  section  view  showing  the  rings 
;h  in  their  relation  to  the  hub  on  which  they  turn  and  in  contact 
h  the  transfer  pmions.  These  latter  turn  on  a  German  silver 
ift  0.04  in.  in  diameter.  The  hub  which  forms  the  bearing  for  the 
mber  rings  is  so  large  in  proportion  to  the  width  of  these  that  they 
uld  tip  and  cramp  if  much  end  play  were  allowed.  This  makes 
lecessary  to  hold  the  dimensions  on  the  rings  correct  within  less 
in  one-half  of  0.001  in.  In  Figs.  6  and  7  are  shown  the  head  for  a 
ik  telephone,  with  a  lug  matching  it. 
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15  The  quality  of  these  castingB  depends  on  both  the  alloy  used 
and  the  method  of  making  them.  The  alloys  in  most  commai  use 
are  those  having  a  zinc  base.  This  metal  is  useful  in  obtain  alloyi, 
particularly  with  copper,  but  if  alloyed  with  aluminum  is  munit- 
able  for  most  piuposes.  Aliuninum-zinc  alloys  are  frequently  used 
because  aluminum  makes  the  alloy  lighter  in  weight  and  in  eolor. 
Some  time  after  manufacture,  castings  of  this  alloy  b^in  to  dimte- 
grate  and  will  actually  fall  to  pieces.  In  the  disint^rating  process 
they  also  change  shape  badly  so  that  they  should  never,  under  any 
circmnstances,  be  used  for  pieces  which  are  wanted  to  stay  flat  or 
true.  This  alloy  also  tarnishes  rapidly.  Most  of  the  alloys  of  m 
are  too  brittle  to  be  of  much  use  for  the  making  of  die  castings.  He 
usual  effect  of  casting  in  metal  molds  is  to  make  harder  castings  than 
would  be  made  from  the  same  metal  in  sand  molds.  For  this  reason 
a  fairly  ductile  metal  should  be  used. 

16  The  alloys  of  tin  are  being  used  quite  extensively  for  die  cast- 
ings. These  alloys  possess  the  two  desirable  qualities  of  being  quite 
ductile  and  of  melting  at  a  low  temperature.  Genuine  babbitt  metal, 
as  it  is  conmionly  called,  is  an  alloy  consisting,  according  to  the  best 
authorities,  of  about  89  per  cent  tin,  7.3  per  cent  antimony  and  3.7 
per  cent  copper.  This  is  a  remarkably  fine  bearing  metal  and  is 
possessed  of  sufficient  strength  to  make  it  useful  for  many  small  parts. 
By  certain  changes  in  the  alloy  a  composition  even  better  for  ordinaO' 
die-casting  use  can  be  produced. 

17  The  alloys  of  lead  are  used  to  a  limited  extent  but,  except  for 
type,  this  metal  is  more  often  used  in  small  proportions  than  as  the 
foundation  of  the  alloy.  It  is  too  heavy  and  lacks  sufficient  strength 
to  make  a  very  desirable  metal.  The  percentage  of  lead  in  an  alloy 
is  sometimes  increased  for  the  sake  of  lowering  the  melting  point  and 
the  price  per  pound. 

18  Antimony  is  a  conunon  constituent  of  all  die-cast  alloys. 
The  addition  of  this  metal  in  the  proper  proportions,  makes  the  alloy 
hard  enough  to  machine  well  and  increases  the  fluidity  of  the  metal 
in  its  molten  state.  This  makes  it  possible  to  obtain  sharp  casting 
such  as  are  made  from  type  metal,  which  is  an  alloy  consisting  of 
lead,  87i  per  cent,  and  antimony,  12J  per  cent. 

19  In  making  an  alloy  of  any  two  metals,  when  they  are  in  cor- 
rect proportions,  there  is  formed  a  eutectic,  the  melting  point  of 
which  is  lower  than  that  of  either  of  the  constituent  metals.  In  some 
cases  by  the  addition  of  a  third  metal,  the  melting  point  may  be  still 
further  lowered. 
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0  The  strength  of  die  castings  is  of  course  largely  dependent 
the  alloy,  and  also  on  the  method  of  casting.  Unless  proper  pre- 
tions  are  taken  to  insure  sound  castings,  much  trouble  will  be 
ountered  from  blow  holes.  To  prevent  these  is  often  very  diffi- 
t  and  sometimes  imposedble.  They  are  caused  both  by  the  form 
»sUng  and  by  the  tendency  of  the  molten  metal  to  hold  minute 
ibles  of  air  or  other  gases  which  are  carried  into  the  mold  and  do 


Fig.  9    hrrrnKsu.  and 
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escape  before  the  casting  sets.  This  is  a  case  exactly  parallel 
bat  found  in  making  iron  castings.  The  shrinkage  of  the  ordinary 
casting  is  not  as  great  as  that  of  cast  iron,  and  some  of  the  tin 
yt  particularly  shrink  scarcely  at  all. 

I  Another  similarity  to  iron  molding  is  found  in  the  fact  that  the 
ade  skin  of  the  die  casting  is  ordinarily  stronger  and  harder  than 
interior.  The  hard  outside  skin  is  always  desirable  on  a  die 
ing,  because  the  piece  being  cast  to  its  finished  size  and  no  cutting 
g  required,  it  is  this  outside  skin  which  is  first  subjected  to  wear. 
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22  Exact  figures  on  the  strength  of  die  castings  might  be  quite 
misleading  unless  the  exact  composition  and  treatment  of  the  catting 
were  noted,  so  that  general  ^ures  only  can  be  given.  They  oompue 
very  favorably  with  cast  iron  in  tensile  strength,  but  are  not  neiriy 
so  strong  in  compression  as  that  material.  Their  compnam 
strength  is  usually  but  little  greater  than  the  tensile,  although  it  ia 
somewhat,  say  one-third,  greater.  Aa  the  material  is  not  aa  brittle 
as  cast  iron,  it  can  be  subjected  to  shocks  which  the  iron  would  not 


Fig.  11    Soss  Die-Cabtinq  Ma( 


withstand.  Most  die  castings  are  much  more  ductile  than  i'*" 
iron.  The  greater  ductility  of  the  die  castings  is  an  advantage  io^ 
threaded  or  tapped  pieces.  The  castings  do  not  chip  out  ''1'^ 
tapped  near  an  edge  and  a  fine  thread  may  be  used.  Some  of  t* 
.illoys  are  so  ductile  that  the  castings  may  be  spun  or  riveted.  H* 
is  often  needed  or  is  convenient  for  fastening  two  castings  toget'M' 
or  fa.stening  a  canting  and  some  other  piece. 
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ry  little  idea  can  be  given  of  the  cost  of  parts  manufactured 
&-cast  method.    The  tools  or  dies  are  costly  or  otherwise, 

to  their  complexity  or  their  simplicity.  Practically  all 
sting  manufacturers  make  the  customer  who  ordered  the 
ay  for  the  dies.  The  parts  are  then  charged  for  according 
le  needed  to  cast  them  and  the  amount  of  metal  used.  As 
letal  in  the  finished  casting  is  charged  for,  there  is  no  expense 
The  time  for  casting  a  complicated  piece  is  little,  if  any, 
an  for  a  simple  one.  From  this  it  follows  that  the  more 
ed  the  casting,  or  the  more  difficult  it  would  be  to  machine, 
r  will  be  the  saving  effected  by  the  use  of  die  castings.  The 
'  pieces  to  be  made  from  a  die  is  also  pertinent,  for  hundreds 
ids  of  pieces  can  be  made  from  some  dies  with  no  injury 
to  them.  Other  dies  may  need  frequent  repairs  due  to 
)ly  weak  points  in  their  construction.  Number  wheels 
temal  or  hooded  gear  teeth  are  good  examples  of  parts 

profitably  made  by  this  process. 
s  set  of  number  wheels  and  pinions  shown  in  Fig.  8  will 

fair  example  for  the  comparison  of  costs  by  hand-casting 
Emd  by  automatic  machines.  The  dies  for  this  set  of  wheels 
IS  for  a  hand  machine  would  cost  in  the  neighborhood  of 
le  niunber-wheel  castings  would  cost,  in  lots  of  1000,  about 
ich,  and  in  lots  of  10,000,  about  8}  cents  each.  The  pinion 
1  lots  of  1000  would  be  4  cents  each  and  in  lots  of  10,000 
I  cents  each.  The  cost  of  the  dies  for  an  automatic  machine 
ae  wheels  and  pinions  would  be  about  $2000.  The  number- 
lings  in  lots  of  10,000  would  cost  about  2}  cents  each,  and 
25,000  or  more  about  2  cents  each.  The  pinion  castings 
b  about  li  cents  in  10,000  lots  and  in  25,000  or  more  lots, 
3nt  each. 
e  necessary  die  for  the  internal  and  external  gear  shown 

would  cost  about  $100  for  a  hand-casting  machine,  and 
93  about  13  cents  each  in  10,000  lots.  The  dies  for  the  same 
i  used  in  an  automatic  machine  would  cost  about  $450,  and 
5s  would  cost  about  2  cents  each  in  10,000  lots,  plus  8  to  9 
1  for  metal.  The  bevel  gear  illustrated  in  Fig.  10  was 
hand-operated  machine  of  a  zinc  alloy,  commonly  known 
letal.  A  die  for  this  costs  about  $90,  and  the  casting  7 J 
I  in  1000  lots,  and  6J  cents  each  in  10,000  lots. 
.11  shows  the  Soss  die-casting  machine.  This  machine 
for  sale  and  enables  a  manufacturer  to  make  his  own  die 
nth  a  comparatively  inexpensive  equipment. 
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k.  considerable  range  of  speed  can  be  conveniently  obtained  with 
3ct  current  machinery,  but  neither  alternating  current,  nor  inter- 
combustion  or  gas  engines  satisfy  entirely  the  requirement  of 
•^ding  for  a  wide  variation  of  speed  with  a  large  torque  at  low 
cd.  The  hydraulic  variable-speed  power-transmission  mechan- 
t,  designed  by  C.  M.  Manly,  is  intended  to  provide  a  device  which, 
en  introduced  between  an  engine  and  any  device  to  be  driven  by 
not  only  gives  a  speed  range  from  maximimi  in  one  direction 
'ough  every  intermediate  speed  down  to  zero,  and  then  up  to  maxi- 
un  in  the  reverse  direction,  but  does  so  with  the  torque  increasing  in 
>portion  to  the  decrease  in  speed,  and  permits  of  the  most  rapid 
d  continuous  reversal  of  the  driven  device  without  possibility  of 
firing  the  power  transmission  mechanism  itself  or  the  driving 
chanism  operating  it. 

^  The  device,  Fig.  1,  consists  of  a  pump  connected  to  the  power 
lerator,  with  one  or  more  fluid  pressure  motors  attached  to  the 
V'en  shaft  or  shafts  and  placed  in  any  desired  location  with  refer- 
e  to  the  pump,  with  hydraulic  connections  between  them,  and  a 
5le  operating  lever.  The  pump  is  of  multi-cylinder  construction 
tx  variable  stroke,  connected  to  the  driving  shaft.  The  multi- 
ixder  motors  have  a  fixed  stroke  and  are  connected  to  the  driven 
ft,  the  pipe  connections  or  passages  between  them  transmitting 
working'  fluid.    The  various  cylinders,  both  of  the  pump  and 

^ice-President,  Manly  Drive  Co.,  17  Battery  PI. 
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motors,  radiate  equidistantly  from  a  central  crank  chamber,  and  the 
pistons  or  plungers  are  connected  to  a  single  crank  pin,  which  is 
common  to  all.  The  fluid  used  is  ordinary  machine  oil,  the  lubr' eating 
qualities  of  which  and  its  freedom  from  danger  of  freezing  admirably 
fit  it  for  such  a  purpose.  When  once  filled,  the  oil  is  used  over  and  over 
again,  being  in  continuous  circulation  from  pump  to  motor  through 
one  set  of  pipes  or  passages  and  back  again  from  motor  to  pump 
through  another  set. 

3  The  stroke  of  the  pump  may  be  varied  at  will ;  that  of  the  motor 
is  fixed.  When  the  pump  is  running  at  full  stroke  the  motor  operates 
at  the  highest  speed.  By  varying  the  pump  stroke  and  thereby  the 
velocity  of  the  oil  in  circulation,  the  motor  runs  at  a  speed  which  is 
exactly  in  proportion  to  the  amount  of  oil  that  passes  through  it. 
Any  desired  rotative  speed  can  therefore  be  secured  and  maintained. 
For  reversal,  the  pump  stroke  first  passes  through  the  zero  point, 
then  the  valves  change  and  the  oil  is  simply  pumped  in  the  opposite 
direction  through  the  motors  and  pipes. 

4  When  the  motor  is  going  forward.  Fig.  2,  pipe  E  furnishes  a 
supply  to  the  motor  transmitting  the  oil  under  pressure  from  pump  to 
motor,  while  pipe  F  returns  it  from  motor  to  pump,  thereby  answering 
the  purpose  of  an  exhaust  pipe.  When  the  motor  goes  backward, 
pipe  F  becomes  the  supply  under  pressure,  and  pipe  E  changes  to 
the  exhaust  pipe,  the  direction  of  circulation  through  the  connecting 
pipes  being  completely  reversed.  In  case  of  a  sudden  check  in  the 
speed  or  a  quick  reversal,  the  momentum  due  to  running  in  one  direc- 
tion is  taken  up  in  the  device  itself.  A  safety  valve,  set  at  2000  lb. 
per  sq.  in.,  opens  a  by-pass  when  there  is  an  over-pressure  and  this 
acts  as  a  cushion  preventing  injury  to  the  machine. 

5  The  center  of  the  crank  is  half  way  between  the  center  of  the 
shaft  and  the  center  of  the  bushing  when  all  three  are  in  line.  There- 
fore when  the  bushing  is  rotated  180  deg.  around  the  center  of  the 
crank,  the  center  of  the  bushing  which  is  the  real  crank  pin,  is  brought 
into  exact  alignment  with  the  center  of  the  shaft,  and  when  this  occurs, 
the  length  of  the  crank  becomes  zero,  and  the  recnprorations  roapo. 

6  The  rotation  of  the  crank  bushing  from  the  position  of  maxi- 
Hoiuin  stroke  to  the  no-stroke  point,  is  accomplished  by  the  use  of  an 
auxiliary  piston,  lying  parallel  to  the  shaft,  and  supplied  with  power 
from  the  fluid  pressure  of  the  pump;  this  piston  operates  on  the 
bushing  through  appropriate  mechanism.  It  is  under  the  control  of  a 
pilot  valve,  which  is  moved  at  will  by  means  of  a  hand  lever.  By 
simply  moving  this  lever  from  one  end  of  its  throw  to  a  central  posi- 
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tioD,  the  speed  of  the  motor  shaft  is  varied  from  its  maximum  ipKd 
to  a  condition  of  absolute  rest,  and  by  moving  the  lever  to  the  athtr 
end  of  its  throw  the  motion  is  reversed  and  any  speed  is  secui«d  tak- 
ing from  sero  to  a  maximiim  speed  in  the  reverse  direction.  Mem- 
while  the  driving  shaft  continues  to  run  at  constant  speed,  wbitera 
the  speed  or  direction  of  motion  of  the  driven  shaft.  When  the  mofat 
comes  to  absolute  rest,  the  pump  stroke  being  reduced  to  tero,  w 
motion  of  the  motor  is  permisdble  in  either  direction  until  the  idjust- 
ment  is  changed  so  that  the  fluid  again  begins  to  flow  from  punplo 
motor.    Its  effect  at  such  time  is  that  of  a  brake  applied  to  tbewfacds, 


Fio.  2    Sectional  Elevation  or  Pump  and  Motor 


though  much  more  positive  and  reliable.  When  the  lever  is  in  ^ 
forward  position,  the  machine  goes  forward  at  maximum  spf*' 
When  the  lever  is  pulled  over  to  the  middle  position,  the  macbiw 
comes  to  rest,  and  is  locked  there  as  with  a  brake.  When  the  k^ 
is  pulled  over  still  farther  to  its  extreme  backward  position,  tbf 
machine  goes  backward  at  maximum  speed. 

7  Four  series  of  tests  were  made.  The  efficiency  obtained  on '" 
t«sts  of  Series  A,  with  medium  temperature  of  oil  and  constant  po**- 
ip;  85.3  per  cent  at  the  full  speed  of  363  r.p.m.,  inereaiing  to  88* 
per  cent  with  speed  reduced  to  250  r.p.m.  and  then  decreasing  to  85-' 
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per  cent  with  speed  further  reduced  to  140  r.p.m.  On  the  tests  of 
Series  B,  with  medium  temperature  of  oil  and  constant  weight  on  the 
brake  arm,  the  eflSciency  is  86.2  per  cent  at  the  full  speed  of  362  r.p.m., 
increasing  to  88.4  per  cent  with  speed  reduced  to  264  r.p.m.,  and  fall- 
ing back  to  83.1  per  cent  with  speed  decreased  to  112  r.p.m.  On 
the  tests  of  Series  C,  with  maximum  temperature  of  oil  and  constant 
power,  the  eflSciency  is  87.4  per  cent  at  full  speed  of  360  r.p.m.,  in- 
creasing to  91.9  per  cent  with  speed  reduced  to  270  r.p.m.,  and  then 
falling  back  to  87.0  per  cent  with  a  further  reduction  of  speed  to  163 
r.p.m.  On  the  tests  of  Series  D,  with  maximum  temperature  of  oil 
and  constant  weight  on  the  brake  arm,  the  eflSciency  is  87.4  ptr  cent 
at  the  full  speed  of  360  r.p.m.,  increasing  to  90.9  per  cent  with  a  reduc- 
tion of  speed  to  245  r.p.m.,  and  dropping  to  81.6  per  cent  with  a  fur- 
ther reduction  of  speed  to  106  r.p.m.  The  tests  with  maximum  tem- 
perature of  circulating  oil  show  a  material  advantage  over  those 
with  lower  temperature  as  might  be  expected  from  the  nature  of  the 
fluid.  The  average  of  all  the  figures  of  efficiency  given  computed 
numerically,  is  87.7  per  cent.  There  was  never  any  sign  of  over- 
heating. 
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It  has  been  reserved  for  modem  engineering  to  give  to  liquid  tneh 
the  consideration  due  them  by  reason  of  their  exceptional  transporta- 
tion and  storage  facilities,  their  high  heating  value  and  their  small 
bulk  as  compared  with  all  solid  fuels. 

2  The  first  successful  solutions  of  the  problem  of  using  liquid 
fuels  in  internal-combustion  engines  were  naturally  attained  with 
gasolene.  This  fuel,  the  lightest  of  the  hydrocarbons  obtained  by 
fractional  distillation  of  crude  oil,  vaporizes  at  comparatively  low 
temperatures  and  readily  forms  an  explosive  mixture  under  ordinary 
atmospheric  conditions.  Only  some  form  of  carburetor  was  there- 
fore required,  aside  from  the  usual  constructive  elements  of  the  gas 
engine. 

3  A  far  more  serious  problem  pra^^ented  itself  when  the  utilization 
of  the  heavier  hydrocarbons,  such  as  kerosene,  fuel  oil  and  crude  oil 
itself,  was  attempted.  Many  experiments  showed  that  in  order  to 
get  an  explosive  mixture,  these  heav>'  oils  must  first  be  converted  at 
a  comparatively  high  temperature  into  vapor  before  or  during  their 
mixture  with  air.  For  this  purpose  most  oil  engines  have  a  hot  cham- 
ber or  vaporizer  where  the  oil,  after  having  been  introduced  as  a 
liquid  or  in  the  form  of  spray,  is  converted  into  vapor  and  then  taken 
up  by  and  mixed  with  a  current  of  air.  The  most  notable  methods 
now  in  use  for  securing  a  perfect  mixture  by  means  of  a  vaporizer  are 
shown  in  Figs.  1,  2  and  3. 

• 

VAPORIZING   AND   MIXING 

4  In  Fig.  1  evaporation  and  mixing  are  effected  during  the  com- 
pression stroke.     The  oil  is  injected  into  an  incandescent  hood  or 

*  Chief  Engineer,  Struthers- Wells  Co. 
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chamber  which,  for  starting,  is  heated  up  externally  by  meuu  of « 
lamp,  and  afterwards  kept  red  hot  by  the  combustion  of  the  mixtan 
in  it.  During  the  compression  stroke  air  from  the  cylinder  nubti 
through  the  contracted  opening  into  this  chamber  and  mixes  mth  tht 
vapors  therein,  until  at  the  end  of  the  stroke,  the  right  propwtiaiiof 
combustible  to  air  is  reached.  The  mixture  is  then  ignited  boqiIj 
by  direct  contact  with  the  hot  walls  of  this  vaporizing  chamber,  uf- 
mented  slightly  by  the  heat  due  to  compression. 

5  An  arrangement  commonly  used  by  gasolene  engine  muube- 
turers  to  adapt  their  engines  to  the  utilization  of  heavier  hydrocarboni 
is  shown  in  Fig.  2.    The  vaporiaer  chamber  is  provided  witli  a  jacket 


Fia.  1  Fio.  2  Fio.  3 

Mbtbods  fob  Skcdbino  Mixture  or  Vapor  and  Air 


Space  through  which  the  exhaust  gases  pass,  thus  heathy  the  npo'- 
izer  externally.  A  cloud  of  fuel  vapor  is  produced  by  dropping"* 
hquid  fuel  on  the  heated  surfaces  of  the  baffle  plates  inside  the  vip''' 
izer.  On  the  suction  stroke  of  the  piston  free  lur  enters  this  vaporiio 
and,  in  passing  over  the  baffle  plates,  becomes  heated  and  in  tbewK 
time  absorbs  the  oil  vapors;  the  mixture  thus  formed  and  pfe-hMtW 
then  enters  the  cylinder  and  at  the  end  of  the  compression  etrolM  •* 
ignited  by  an  electric  igniter. 

6     In  Fig.  3  the  fuel  oil  is  mixed  with  and  broken  up  by  a  stream  <■ 
compressed  air  of  from  8  to  25  lb.  pressure  above  atmosphere,  w  thit 
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it  enters  the  vaporizer  chamber  in  the  form  of  finely  divided  spray, 
and  is  immediately  vaporized,  due  to  the  heat  applied  externally 
by  the  exhaust  gases.  The  bulk  of  air,  being  aspirated  during  the 
suction  stroke,  then  mixes  with  the  fuel  vapor  and  becomes  preheated, 
thus  forming  the  explosive  charge.  Compression  and  ignition  are  the 
same  as  in  Fig.  2. 

7  These  types  of  oil  engines,  especially  those  of  Figs.  1  and  2,  are 
quite  simple  and  therefore  cheap  in  first  cost.  Their  method  of 
vapK>rization,  however,  is  rather  crude  and  gives  rise  to  objections 
well  borne  out  by  practical  experience,  which  are  the  cause  of  the 
prevailing  prejudice  against  such  oil  engines.  The  chief  drawback 
to  all  these  vaporizers  is  the  practical  impossibility  of  vaporizing 
the  fuel  completely  at  all  loads  and  under  all  conditions.  The  heat 
of  the  chamber  should  always  be  high  enough  to  vaporize  all  the  oil, 
but  never  hot  enough  to  decompose  it,  or  a  deposit  of  carbon  will  be 
formed  in  the  vaporizer  and  cylinder,  accompanied  by  incomplete 
combustion,  and  therefore  low  efficiencies;  this  manifests  itself  by  the 
objectionable  smoke  and  odor  of  the  exhaust  gases.  Another  draw- 
back is  that  in  all  engines  of  the  t3npe  of  Fig.  1,  in  order  to  obtain  cer- 
tainty of  ignition  and  at  the  same  time  prevent  pre-ignitions  at  differ- 
ent loads,  the  temperature  of  the  vaporizer  should  vary  with  the  load, 
a  practical  impossibility.  The  pre-heating  of  the  mixture,  as  required 
for  engines  operating  under  the  principles  shown  in  Figs.  2  and  3, 
decreases  the  weight  of  the  air  aspirated,  and  therefore  the  capacity 
of  the  engine;  while  the  throttling  of  the  air  in  passing  through  the 
vaporizer  chamber  and  passages,  as  well  as  the  high  back  pressure  due 
to  the  exhaust  gases  passing  through  the  jacket  space  of  the  vapor- 
isers, decreases  the  power  output  of  such  engines  still  more.  The 
necessity  of  first  heating  the  vaporizer' externally  by  means  of  a  lamp 
before  the  engine  can  be  started  is  rather  inconvenient  as  it  takes 
at  least  five  to  ten  minutes.  The  fuel  consumption  of  these  engines 
averages  about  1  lb.  of  oil  per  b.h.p-hr.,  corresponding  to  a  thermal 
efficiency  of  not  over  15  per  cent. 

8  This  outline  covers  in  a  general  way  the  mechanical  principles 
of  some  of  the  commercial  liquid-fuel  engines  today  on  the  market. 
A  great  variety  of  modifications  b  possible,  such  as  the  cycle  of  oper- 
ation (2H9troke  or  4-6troke),  vertical  or  horizontal,  regulation,  valve 
gear,  etc.  However,  whether  these  work  on  the  4-stroke  or  2H3troke 
cycle,  they  all  have  in  common  the  fact  that  the  fuel  and  air  mixture, 
after  having  been  compressed,  is  instantaneously  ignited,  i.e.,  at  con- 
stant volume,  and  according  to  this  mode  of  heat  application  they 
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belong  in  the  class  of  constant-volume  engines.  The  efficiency  of  this 
thermodynamic  cycle  is  greater  with  increasing  degrees  of  compra- 
sion;  the  latter,  however,  is  limited  on  account  of  the  danger  of  pre- 
mature ignitions  due  to  the  compression  temperature.  Attempts 
have  been  made  to  attain  high  compression  pressures  at  low  tempen- 
tures  by  injecting  water  into  the  cylinder  during  the  compreBflioD 
stroke.  Banki  of  Hungary  has  succeeded  in  building  a  very  efficient 
motor  along  these  lines;  he  compressed  as  high  as  250  lb.  per  eq.  in., 
the  resulting  combustion  pressures  amounting  to  something  like  7D0 
lb.  This  necessitated  engine  parts  of  hydraulic  press  proportions 
which,  together  with  a  possibility  of  short-circuiting  the  ignition 
plugs  on  account  of  moisture  deposits,  failed  to  make  this  eogM  i 
commercial  success.  The  use  of  a  special  scavenging  pump  in  a  4- 
cycle  engine  was  also  attempted,  by  means  of  which  fresh  air  oooU 
be  swept  through  the  cylinder  at  the  end  of  the  exhaust  stroke,  thus 
cleaning  the  clearance  space  from  the  residue  of  spent  gases  and  it 
the  same  time  cooling  the  combustion  chamber  walls.  Althoogli 
this  permitted  the  compression  pressure  to  be  raised,  the  extra  «• 
pensc  for  the  special  scavenging  pump  did  not  warrant  its  adoption 
for  general  practice.  Without  such  artificial  means  the  safe  limit  of 
compression  in  the  present  constant-volume  liquid-fuel  engines  hw 
by  long  experience  been  found  to  be  about  70  lb.  in  gasolene  engines 
and  hardly  more  than  60  lb.  in  kerosene  engines  with  spontaneous 
(hot-bulb)  ignition  (Fig.  1).  The  efficiency  of  these  types  of  engines 
is  therefore  not  likely  to  be  increased  very  much  in  the  future.  Con- 
sidering this,  as  well  as  the  undesirable  features  touched  upon  in  the 
foregoing  discussion,  it  is  quite  obvious  that,  as  far  as  reliability  and 
economy  of  operation  are  concerned,  these  engines  fall  far  short  d 
what  may  reasonably  be  expected,  especially  in  view  of  what  is  being 
accomplished  with  gas  engines. 

DIESEL    ENGINE   TYPE 

9  An  engine  of  decided  advantages  over  those  just  discussed  is 
the  Diesel  type,  having  the  following  characteristics  of  operation: 
During  the  compression  stroke  the  cylinder  contains  air  only,  which » 
being  compressed  to  about  500  lb.,  the  resulting  temperature  reack- 
ing  a  point  sufficiently  high  to  ignite  any  liquid  fuel  injected  into  it 
At  the  end  of  the  compression  stroke,  fuel  is  gradually  injected  by 
means  of  an  air  blast  at  a  pressure  about  250  to  500  lb.  above  tbe 
compression  pressure  in  the  cylinder.    This  high-pressure  air  bW 
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pletely  atomizes  the  fuel  during  the  injection  period,  and  carries 
Doall  particles  directly  into  the  highly  compressed  and  heated  air 
le  cylinder,  where  they  are  immediately  vaporized  and  ignited, 
his  method  combustion  is  effected  without  explosion,  as  the  con- 
xi  admission  of  the  fuel  to  about  10  per  cent  of  the  expansion 
le  causes  the  development  of  heat  to  take  place  at  approximately 
tant  pressure.  Since  the  oil  particles  are  burned  immediately 
'  their  mixture  with  air,  there  is  no  possibility  of  deposits  form- 
m  the  cylinder  walls  and  combustion  is  so  complete  that  the  ex- 
t  products  are  entirely  smokeless  and  without  odor.    Numerous 

made  on  Diesel  engines  of  different  sizes  show  an  average  fuel 
omption  of  less  than  ^  lb.  of  oil  per  h.p-hr.,  corresponding  to  a 
nal  efficiency  of  about  30  per  cent. 

To  the  particular  feature  of  compressing  air  alone  to  such  a 
jure  and  temperature  that  it  will  immediately  vaporize  and  ignite 
Tuel  injected  into  it,  the  constant-pressure  engine  as  embodied 
le  Diesel  motor  imdoubtedly  owes  its  success.  It  lends  itself 
brably  to  the  utilization  of  liquid  fuels,  as  it  does  away  at  once 

carburetors  or  vaporizers,  and  igniters;  moreover  it  allows  the 
ing  of  any  liquid  fuel  without  special  accessories.  For  this 
J  reason  it  is  singularly  well  adapted  to  operation  on  the  2-stroke 
J.  The  doubtful  practice  of  scavenging  the  cylinder  with  the 
and  air  mixture,  with  its  attendant  loss  of  mixture  through  the 
ust  ports,  and  the  possibility  of  backfires,  is  therefore  entirely 
inated.  The  result  is  that  it  embodies  the  full  benefit  of  the  2- 
:e  cycle,  practically  twice  the  power  capacity  of  a  4-stroke  cycle 
le  of  the  same  cylinder  dimensions  and  speed.  Another  point 
ual  importance  is  the  fact  that  with  decreasing  loads  the  efficiency 
le  constant-pressure  engine  decreases  but  very  little,  while  that 
le  constant-volume  engine  drops  very  rapidly  with  lighter  loads. 
In  view  of  these  points,  therefore,  there  can  hardly  be  any 
tion  that  for  the  utilization  of  liquid  fuels  the  constant-pressure 
le  is  far  superior  to  the  constant-volume  engine.  The  great 
ber  of  Diesel  engine  installations  working  under  greatly  varying 
itions  and  with  all  kinds  of  fuels,  abundantly  proves  this,  particu- 
in  Europe,  where  during  the  last  three  years  engines  of  this  type 
1  aggregate  of  over  250,000  h.p.  have  been  built.  Considering 
act  that  at  the  beginning  of  this  century  the  Diesel  engine  had 
y  emerged  from  the  experimental  stage,  this  is  truly  a  remark- 
achievement  which  cannot  fail  .to  attract  engineering  activity 
rds  further  developments  in  so  promising  a  field  of  enterprise. 
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umber  of  new  types  of  constant-pressure  oil  engines  have  been 
ight  out  within  the  last  few  years,  all  differing  more  or  le&s  from 
another  in  their  mode  of  fuel  injection. 

I  The  accompanying  illustrations  show  schematically  the 
hanical  combinations  used  to  inject  the  fuel  and  the  principal 
[ifications  recently  brought  out.  Since  this  new  era  of  oil-engine 
{truction  started  with  the  advent  of  the  Diesel  engine,  we  will 

analyze  the  injection  process  of  this  engine,  so  as  to  establish  the 
itions  of  the  various  parts  entering  into  it. 
i  Fig.  4  represents  the  period  where  a  measured  quantity  of  fuel, 
»rding  to  the  load  on  the  engine,  is  being  deposited  in  space  s 
ie  injection  valve  cage  c  by  the  oil  pmnp  o,  the  injection  valve  n 
g  closed  at  that  moment.  Space  s  is  continuously  in  conmiimi- 
>n  with  the  air  storage  tank  t,  into  which  the  2-stage  air  com- 
8or  a  delivers  the  air  required  for  fuel  injection  at  a  pressure  of 
1  750  to  1000  lb.  (One  or  two  additional  tanks  are  automatically 
;  charged  by  the  compressor  with  air  of  about  the  same  pressure 
starting  the  engine.)  The  oil  must  therefore  be  delivered  into 
e  8  against  this  high  pressure  which,  in  view  of  the  small  quantity 
e  delivered,  requires  extremely  accurate  work  and  adjustments  on 
oil  pump  0.  Since  fuel  and  injection  air  come  into  contact  with 
I  other  while  injection  valve  n  is  still  closed,  that  is,  before  the 
al  injection  period,  it  is  quite  obvious  that  the  valve  cage  c,  as 
as  the  injection  air,  must  be  well  cooled  in  order  to  prevent  dan- 
us  premature  ignitions  or  the  formation  of  deposits  due  to  partial 
)oration  of  the  deposited  fuel. 

I  Fig.  5  shows  the  actual  injection  period,  which  starts  as  soon 
gection  valve  n  opens;  the  latter  therefore  controls  simultaneously 
tdmissionof  fuel  and  injection  of  air  into  the  cylinder.  At  all  loads 
points  of  opening  and  closing  of  the  injection  valve  n  remain 
langed,  i.e.,  the  length  of  the  period  the  injection  valve  is  open  is 
tant.  Within  this  period  a  variable  quantity  of  fuel,  according 
le  load,  is  to  be  injected.  In  order  to  accomplish  this  most  satis- 
>rily  it  has  been  found  necessary  to  increase  the  pressure  of  the 
tion  air  with  increasing  loads  on  the  engine,  i.e.,  with  increasing 
ants  of  fuel  to  be  injected;  Diesel  engine  manufacturers  recom- 
ia  pressure  increase  of  about  250  lb.  from  light  to  maximum  load. 
5  compression  in  the  engine  cylinder  is  constant  at  all  loads, 
b  undoubtedly  due  to  the  fact  that  all  the  fuel  having  previously 

deposited  in  space  s,  must  be  accelerated  and  atomized  by  the 
5tion  air  as  soon  as  injection  valve  n  opens.     Furthermore,  if  the 
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injection  air  pressure  is  too  high  at  light  loads  it  may  happen  that  no 
ignition  is  effected  on  account  of  the  cooling  effect  of  the  injectiooiir, 
of  which  more  will  be  said  later  on. 

15  The  variation  of  injection  air  pressures  with  varying  loads  on 
a  4-cylinder  250-h.p.  engine  is  given  in  Table  1,  which  also  shows  the 
indicated  compressor  work.  To  the  writer's  knowledge  no  arraog^ 
ments  have  so  far  been  made  on  stationary  engines  to  vary  automat- 
ally  the  pressure  of  the  injection  air  according  to  load  variations; 
this  must  be  done  by  hand,  at  the  judgment  of  the  engine  operator. 

TABLE  I    VARIATION  OF  INJECTION  AIR  PRESSURES  WITH  VARYING  LOADS 


ENGINE  LOAD,  B.H.P 


300 

250 
185 
145 


INJECTION   AIR  PRES- 
SURES, LB. 


950 

805 
830 
790 


IKJXCnON  AIR  COIfPB 


I.h.p. 


19.3 
18.3 
18.  t 
19.0 


PteoeotEudMLoid 

6.4 

7.4 
10.0 
<S.8 


16  The  foregoing  analysis  shows  that  the  process  of  fuel  injectioD 
resolves  itself  into  two  distinct  phases,  which  are  in  no  direct  relation 
to  each  other: 

a  The  measuring  and  depositing  of  the  proper  amount  of 
fuel  in  the  injection  valve  cage  which  is  the  function  of  the 
oil  pump  and  may  practically  be  performed  at  any  time 
during  the  cycle  of  events  in  the  engine.  (Fig.  4  arbi- 
trarily shows  that  this  takes  place  at  the  beginning  of  the 
upward  stroke  of  the  piston.) 

b  The  actual  injection  period,  which  is  timed  by  the  opening 
and  closing  of  the  injection  valve,  while  it  is  the  function 
of  the  injection  air  to  pick  up  the  fuel,  atomize  it  and  can}' 
its  small  particles  into  the  cylinder.  The  injection  valve 
opens  from  5  deg.  to  8  deg.  before  the  piston  reaches  the 
upper  dead  center,  and  closes  about  28  deg.  to  31  deg. 
past  center.  (The  earlier  opening  and  closing  appfe 
to  heavier  fuels.) 

17  In  order  to  properly  distribute  the  oil  and  to  direct  the 
inject  ion  air  so  as  to  facilitate  complete  atomization,  special  acces- 
sories, atomizers  or  distributors,  are  used,  which  are  placed  in  froot 
of  the  injection  nozzle  m.     Fig.  6  shows  a  typical  atomizer  used  <* 
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an  Diesel  engines.  A  series  of  plates  6,  arraoged  just  below 
around  the  injection  valve  guide  g,  are  provided  with  small 
t  such  a  way  that  they  straddle  each  other  from  plate  to  plate, 
plates  help  to  retain  the  oil  after  having  been  deposited  in 
,  while  the  holes  will  equally  distribute  it  and  mechanically 
the  blast  of  injection  air  into  small  stoeams,  thus  di«nte- 


»  6.    Typical  Atom  I ZBB  c 
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the  fuel  pa8dI^;  down  through  them.  By  means  of  pas- 
•  arranged  in  the  (urcumference  of  plug  I,  these  streams  are 
d  into  the  injection  noazle  m  where  they  acquire  their  maxi- 
elocity.     The  resistance  of  the  oil  against  the  abrupt  accel- 

tbus  produced  causes  the  oil  to  be  disintegrated  into  small 
a  which  are  carried  directly  into  the  body  of  highly  heated 
)he  combustion  chamber. 
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18  On  the  American  Diesel  engine,  a  cross-section  of  tbe  Itlot 
design  of  which  is  shown  in  Fig.  7,  the  fuel  injection  valve  and  aluniKi 
are  arranged  horizontally  on  the  side  of  the  combuaUon  chambB. 
Owing  to  this  horizontal  position  particular  care  must  be  ttken  to 
distribute  the  oil  equally  around  the  circumference  of  the  injectioa 
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valve.  A  sectional  view  of  tlic  atomizer  is  shown  in  Fig.  8.  CHI  1*1 
injection  air  come  together  in  space  s,  the  oil  entering  along  pamP 
e  and  annular  ring  space  r  through  a  ring  of  holes  h.  As  the  iiyecW 
valve  n  opeiiH,  air  and  oil,  being  divided  into  small  streams  by  a  lU** 
of  holes  p,  arc  forced  into  the  injection  nozzle  m,  where  these  stnini' 
impinge  upon  each  other,  tlius  atomizing  the  fuel. 


sabath£  engine 

19  A  modification  of  the  Diesel  ei^ine  has  recently  been  brought 
t  in  Ftance,  known  as  the  Sabatb^  motor,  which  is  evidently  an 
«mpt  to  eliminate  the  rather  inconvenient  requirementof  variable 
action  ait  pressures  with  varying  loads.  Its  fundamental  features 
'  identical  with  those  of  the  Diesel  engine  (Figs.  4  and  5),  with  this 
«ption,  however,  that  not  only  the  delivery  of  oil  but  also  the  lift 
the  injection  valve  n  are  here  varied  by  the  governor  according  to 
'  load  on  the  engine.  Constructional  details  of  the  injection  valve 
1  nozzle  are  shown  in  Fig.  9.  Aside  from  the  injection  valve  n, 
econd  valve  v,  sliding  on  n  and  being  ordinarily  held  down  on  its 
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tt  by  spring  i,  is  provided.  This  valve  v  is  lifted  by  collar  r  on  the 
edJon  valve  stem  when  the  lift  of  the  latter  is  sufficient  to  do  so. 
-  light  loads  only  enough  oil  is  delivered  by  the  oil  pump  to  fill 
imber  e  underneath  the  valve  v.  This  is  blown  into  the  cylinders 
en  needle  valve  n  lifts,  the  injection  air  passing  down  groove  p 
the  needle  valve  stem.  On  heavier  loads  the  amount  of  fuel  de- 
ered  by  the  pump  fills  chamber  e  and  overflows  into  space  s;  the 
■  of  injection  valve  n  is  regulated  by  the  governor  in  such  a  way  that 
ttthe  oil  contained  in  cliamber  e  is  injected  and  then  by  lifting  valve 
also  that  contained  in  space  s.  The  pressure  of  the  injection  air 
Dmntained  at  SOO  lb. 
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20  A  notable  combination  of  the  Diesel  principle,  as  illustnttdl? 
Figs.  4  and  5,  with  the  hot-bulb  arrangement  of  Fig.  1,  is  the  type 
FH  engine  of  the  De  La  Vergne  Machine  Company,  New  York  (R^ 
10  and  11).  The  engine  operates  on  the  i-stroke  cycle  and  comprMO 
the  air  to  about  250  to  300  lb.,  instead  of  500  lb.  as  in  the  Diodo- 
gine.     The  temperature  thus  obtained  would  not  be  high  emngli  lo 
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ignite  the  fuel;  recourse  is  therefore  taken  to  a  hot  bulb  D,  thewrn 
wliich,  owing  to  the  heat  radiated  from  its  uncooled  walls,  attWB* 
higher  temperature  than  that  contamed  in  the  combustion  chwil*'- 
For  starting,  this  bulb  is  heated  externally  by  means  of  a  blowtorch, 
10  to  15  minutes  being  required  for  this  purpose.  At  the  endof  tbt 
compression  stroke  the  fuel  is  injected  by  means  of  an  air  bl«t  * 
about  600  lb.  pressure,  from  the  injection  noBzle  F  across  the  comb"*- 
tion  chamber  into  the  hot  bulb  D,  where  it  is  immediatdy  igDit«l- 
Giving  to  the  comparatively  large  distance  the  fuel  spray  has  to  tra- 
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verse  after  it  leaves  nozsle  F  until  it  is  ignited  in  D,  ignition  first  pro- 
duces a  conmderable  pressure  increase  (combustion  at  constant  vol- 
ume), to  be  followed  by  combustion  at  approximately  constant  pres- 
sure. This  is  shown  on  the  two  indicator  cards  (Fig.  12),  where  it 
will  be  noticed  that  the  maximum  pressures  reach  very  nearly  500 
lb.,  i.e.,  about  the  same  as  in  the  Diesel  engine.  As  far  as  strains  in 
"the  engine  are  concerned  there  is,  therefore,  not  much  difference  be- 
tween these  two  types.  However,  it  must  be  remembered  that  in  (he 
Diesel  engine  this  high  pressure  must  be  obtained  at  the  end  of  the 
Gompreaaion  stroke  in  order  to  secure  ignition,  while  in  the  De.La 
Vergne  engine,  ignition  is  certain  at  about  half  that  pressure.  The 
requirements  as  to  workmanship,  and  especially  attendance,  are 
therefore  less  severe. 


riu.  1.V  ria.  ii 
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21  A  2-fltage  air  compressor  C,  driven  by  an  eccentric  from  the 
eoffne  shaft,  supplies  the  injection  air.  The  air  compressed  by  the 
first  stage  is  stored  in  tanks  t  (Fig.  13),  at  a  pressure  of  from  125  to 
150  lb.,  and  is  available  for  starting  the  engine.  The  second  stage  of 
the  compressor  draws  the  air  from  one  of  these  tanks,  the  amount 
drawn  in  being  regulated  by  the  governor  by  means  of  valve  v  to  suit 
the  varying  chaises  of  oil  at  each  injection,  and  forces  it  directly  into 
the  injection  valve  cage,  without  an  intermediary  storage  tank.  It 
is  needless  to  say  that  the  resulting  absence  of  tanks  under  extremely 
high  pressures  is  a  very  desirable  feature,  while  on  tlie  other  hand  Jt 
is,  of  course,  imperative  that  the  high-pressure  stage  of  the  compressor 
works  with  absolute  certainty. 
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22  Fig.  14  shows  constructional  details  of  the  Injection  valve  ud 
atomizer  used  on  the  type  FH  engine.  Oil  and  injection  air  eome 
together  in  annular  space  a  formed  between  the  injection  valve  gmde 
g  and  cage  a.  As  the  injection  valve  n  opens,  oil  and  air  proceed 
along  the  outside  of  guide  g  and  are  forced  to  pass  throu^  a  em 
of  chambers  connected  by  a  system  of  fine  diagonal  channels  d  ontiie 
outside  of  g.  The  oil  is  thus  equally  distributed  aroimd  the  dream- 
f erence  of  needle  valve  guide  g  and  enters  injection  nozsle  m  in  a  state 
of  fine  subdivision  from  where  it  is  blown  into  the  combustion  diainber 
and  hot  bulb. 

23  Undoubtedly  owing  to  the  fact  that  part  of  the  oil  chaip  is 
burned  at  constant  volume,  the  fuel  consumption  of  this  en^  is 
remarkably  low  considering  the  comparatively  low  compreaoon. 
Thus  according  to  tests  made  by  Dr.  Waldo  on  a  125-h.p.en^e^,the 
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Fig.  12    Indicator  Cards,  Type  FH  Db  La  Vebgnb  Enqinb 

minimum  oil  consumption  was  found  to  be  0.374  lb.  per  b.h.p-hr. 
with  the  engine  carrying  a  load  of  129  b.h.p.  at  157  r.p.m.  A  report 
from  the  Snead  and  Company  Iron  Works,  Jersey  City,  N.  J.,  shows 
the  following  results  for  twelve  months'  operation.  The  plant,  con- 
sisting of  a  twin  cylinder  17  in.  by  27^  in.  engine,  operated  3033hr. 
at  a  load  factor  of  54  per  cent;  fuel  oil  consumption  per  b.pJtf-, 
0.506  lb. 

OIL-FUMP    ARRANGEMENT 

24  The  fact  that  the  function  of  the  fuel  oil  pump  is  in  no  direct 
relation  to  the  cycle  of  events  in  the  cylinder  is  taken  advantage  of 
by  some  European  Diesel  engine  manufacturers  on  their  multi- 
cylinder  engines.  Instead  of  using  one  oil  pump  for  every  cylinder, 
as  is,  for  instance,  the  practice  of  the  American  Diesel  Engine  Com- 
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pany,  they  use  only  one  pump  for  all  cylinders.  This  pump  delivers 
the  oil  into  a  distributer  where,  by  means  of  a  series  of  check  valves 
and  restricted  passages  which  artificially  increase  the  resistance 
against  flow,  it  is  thus  equally  divided  into  as  many  streams  as  there 
are  cylinders.  Considering  the  severe  conditions  under  which  it  has 
to  work  on  the  Diesel  engine,  the  advantage  derived  from  the  result- 
ing reduction  of  oil  pump  parts  is  obvious. 

25  As  to  details  of  construction  of  the  oil  pump,  current  practice 
seems  to  indicate  a  preference  for  a  positively  operated  plimger  Toper- 
ated  by  an  eccentric)  rather  than  one  operated  by  a  cam  where  the 
stroke  is  varied  according  to  the  load  by  letting  the  governor  shift 
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Fio.  18    ScHEMB  OF  Injection  and  Starting  Air  Outfit  oit  Type  FH 

Db  La  Verqne  Engine 

a  wedge  block  in  between  the  cam  and  the  plunger.  In  the  former 
the  displacement  of  the  plunger  is  of  course  constant  and  consider- 
ably larger  than  that  required  for  the  maximum  charge  of  fuel  oil; 
the  excess  amoimt  of  oil  is  discharged  through  the  suction  valve  v 
(Figs.  4  and  5),  the  opening  and  closing  of  which  is  determined  by  the 
position  of  the  governor.  This  valve  and  also  the  mechanism  for 
its  operation  are  constructive  elements  which  require  the  utmost 
care  in  design  as  well  as  workmanship,  as  upon  their  proper  action 
depends  primarily  the  accuracy  of  fuel  oil  delivery.  Frictional  resist- 
ance of  the  valve,  which  is  liable  to  prevent  its  prompt  closing,  is 
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especially  important  and  must  be  reduced  to  a  minimum.  It  ■ 
therefore  not  advisable  to  have  the  valve  stem  pass  through  aatnffiig 
box.  The  beet  practice  at  present  is  to  use  a  positively-operated 
plunger  for  the  operation  of  the  inlet  valve,  this  plunge  ponit; 
through  the  stuffing  box  and  thus  practically  eliminating  frictiODU 
far  as  the  valve  is  concerned. 

UODlFICATtON  OF  DIESEL  TTPB  WITH  OFSH  FUBL  tNJBCTION  ROBU 

26  A  very  promieing  departure  from  the  original  Diesd  tsigat 
which  has  been  developed  particularly  for  horizontal  en^es  danat 
the  last  two  or  three  years  by  several  German  designers,  is  repreBenttd 
by  Figs.  15  and  16.    Its  distinguishing  feature  is  the  open  fuel  bjw- 
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tion  nozzle  m,  through  which  space  s  is  continuously  in  comramiieir 
tion  with  the  engine  cylinder.  Fig.  15  shows  again  the  period  wberethe 
oil  pump  0  delivers  a  measured  quantity  of  oil  into  space  s;  thislu^** 
pens  when  the  piston  begins  its  compression  stroke,  i.e.,  when  tbt 
pressure  in  the  engine  cylinder  and  therefore  in  space  s  is  low.  Valw 
n  opens  shortly  before  the  end  of  the  compression  stroke  (Fig-  W). 
thereby  admitting  a  blast  of  injection  air, which  picks  up  the  fueldep* 
ited  in  space  s  and  blows  it  through  injection  nozzle  m  into  the  cyl- 
inder. Injection  air  of  pressures  varying  with  the  load,  the  same « 
on  the  original  Diesel  engine,  is  taken  from  the  storage  tank  ( hpt 
charged  by  the  separate  air  compressor  a. 

27  Constructional  details  of  a  typical  injection  noszle  and  w 
admission  valve  are  shown  in  Figs.  17  and  18.  It  will  be  noticed  tliit 
no  atomizer  is  used;  the  oil  is  blown  directly  from  space  s  ttmnv' 
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injection  nozzle  m  into  the  cylinder.  The  air  admission  valve  ii 
is  operated  by  a  push  rod  r,  provided  with  a  valve  v  on  its  hmereod 
which  prevents  any  leakage  along  rod  r,  except  during  the  very  short 
interval  where  it  opens  the  air  admission  valve  n.  A  stufSng  box, 
such  as  on  the  injection  valves  n  of  the  original  Diesel  engine  (Figs. 
6  and  7),  is  therefore  not  necessary.  At  the  heavy  pressures  under 
which  these  stuffing  boxes  have  to  work  it  happens  quite  easily  that 
by  excessive  tightening  of  the  glands,  the  valves  are  prevented  from 
closing  properly,  thus  causing  loss  of  injection  air  and  even  pre- 
matiure  ignitions.  By  mc  ins  of  a  test  cock  K  the  proper  delivery  of 
oil  may  be  ascertained. 

28  As  already  mentioned  air  of  approximately  the  same  pressure 
as  injection  air  is  being  used  for  starting  Diesel  engines.  It  is  evident 
that  under  such  enormous  pressures  a  very  small  charge  of  air  wiD 
suffice  for  this  purpose.  This  is  taken  advantage  of  in  this  case  by 
operating  valve  n,  for  starting,  by  the  same  cam  and  lever  as  when  the 
engine  is  in  actual  operation.  By  opening  by-pass  valve  y  communi- 
cation to  the  cylinder  will  be  established  through  passage  p,  throuf^ 
which,  in  addition  to  the  open  injection  nozzle  m,  enough  w  is  ad- 
mitted to  start  the  engine.  This  makes  an  admirably  compact  and 
simple  arrangement,  although,  on  account  of  the  short  duration  of 
the  starting  air  admission  period,  the  proper  starting  point  of  the 
engine  must  be  closely  observed. 

29  The  method  of  depositing  fuel  in  the  open  space  s  is  undoubt- 
edly of  advantage  so  far  as  the  oil  pump  is  concerned  as  it  permits  the 
delivery  of  oil  against  a  far  lower  pressure  than  in  the  original  Diesd 
engine. 

AIR    SUPPLY 

30  In  all  the  various  types  of  modern  oil  engines  just  discussed 
the  apparatus  required  to  obtain  the  high-pressure  injection  air  forms  a 
comparatively  complicated  and  therefore  expensive  accessory.  1^ 
2-stage  air  compressor  contains  four  valves.  Either  the  suction  valve 
on  the  low-pressure  or  high-pressure  stage  must  be  provided  with  an 
adjusting  device  to  vary  the  amount  of  air  drawn  in  according  to  the 
oil  charge.  The  storage  tank  i  should  also  be  provided  with  three 
valves,  one  to  close  it  off  towards  the  engine,  one  towards  the  com- 
pressor, and  one  safety  valve.  All  these  parts,  together  with  apil* 
line  of  sometimes  considerable  length  with  many  joints,  being  con- 
tinuously under  a  pressure  of  from  750  to  1000  lb.,  require  no  small 
degree  of  attention.     That  on  the  smaller  units  particularly,  where 
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on  account  of  their  Bmallneas  these  parts  become  extremely  delicate, 
this  becomea  a  matter  of  considerable  importance,  may  be  judged 
from  the  following  dimensions  of  the  2-stage  air  compressor  of  the 
latest  5-h,p,  Diesel  engine:  low-pressure  cylinder  diameter  2J  in.; 
high-pressure  cylinder  diameter  ^  in.;  stroke  2f  in. 

31  Attempts  have  been  made  to  simplify  matters  by  attaching  one 
aingle-fitage  compressor,  driven  by  a  lever  from  the  connecting  rod, 
to  each  cylinder,  this  compressor  receiving  precompressed  air  ojt  of 
the  cylinder  at  a  pressure  of  from  100  to  150  lb.  This,  however,  neces- 
sitated an  extra  valve  in  each  cylinder  head,  aside  from  other  con- 


Fio.  17  Fio.  18 

Ttpical  "Open"  iNixcnoN  Noikle  and  Aib  Valvi 


structive  complications,  and  it  was  found  furthermore  that  oil  vapors, 
taken  over  with  the  air  from  the  engine  cylinder,  had  a  tendency  to 
foul  the  compressor  valvesj  thereby  rendering  proper  compression 


32  In  many  respects  far  more  promising  at  least  for  smaller  units 
is  the  scheme  to  eliminate  the  air  comjjressor  entirely  and  instead  to 
generate  the  injection  air  right  in  the  engine  at  the  moment  fuel  in- 
jection is  to  take  place  (Figs.  19  and  20).  The  special  2-stage  air 
compressor  is  here  replaced  by  a  small  chamber  a,  forming  part  of  the 
engine  cyhnder  and  communicating  with  the  latter  through  passages 
i  and  k.     During  the  charging  period  {Fig.  19),  the  auxiliary  piston 
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t  is  in  its  lowest  position,  so  that  port  i  is  wide  open,  while  the  oO 
pump  o  delivers  the  proper  amount  of  fuel  into  space  s  which  com- 
municates with  the  engine  cylinder  throu^  the  open  injectiooDoda 
m.  Auxiliary  piston  t  remains  in  this  position  until  almost  to  the 
end  of  the  compression  stroke;  up  to  this  time  the  aii  prenon  in 
chamber  a  will  thereforo  be  the  same  as  in  the  engine  cylindo*. 

33    To  start  the  fuel  injection  (Fig.  20),  auxiliary  piston  1  is  caned 
to  move  quickly  upwards,  thereby  first  covering  passage  t,  and  tba 


Fio.  19  Fio.  ao 

Oil  Engine  with  Auxiliary  ffMKcrioN  AiB  Piston 

compressing  the  air  in  chamber  a  to  a  pressure  higher  than  the  oM 
in  the  cylinder.  This  causes  the  air  to  flow  from  a  throu^  passage 
k  into  space  s  where  it  picks  up  the  deposited  fuel  and  blows  it  through 
the  injection  nozzle  m  into  the  cylinder. 


TBINELEK-E3BTIN0    BNOINE 

34    Fig.  21  shows  a  cut  through  the  head  end  of  an  engine  (tf  tw 
type,  designed  by  Trinkler-Korting  and  built  to  work  on  the  4-att<to 
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ole.  The  auxiliary  piatOQ  t  is  provided  with  a  stem  of  comparatively 
ge  diameter  whereby  the  effective  piston  area  is  greatly  reduced 

this  end;  the  piston  stem  passes  through  a  stuffing  box  to  the  out- 
le  where  it  engages  at  c  with  lever  cde.  This  lever,  together  with 
U  crank /(fA,  form  a  releafdug  gear  operated  by  cams  b.    As  shown 

the  cut,  lever  cde  is  just  being  released  at  k;  owing  to  the  larger 


Fia.  21    Section  THROUoa  Head,  TBiNKLXR-KOiiTiNa  Engine 


,al  pressure  acting  on  the  full  piston  area,  this  piston  ( is  now  caused 
move  quickly  outwards,  with  the  result  already  explaiued. 
J5  From  the  foregoing  it  will  be  noticed  that  while  injection  air 
Teing  generated  in  the  chamber  a,  fuel  is  already  deposited  in  space 
Since  the  latter  is  in  communication  with  a,  through  the  open 
ssage  k  on  one  side,  and  with  the  engine  cylinder  through  the  open 
ection  nozzle  m  on  the  other  side,  it  is  quite  obvious  that  auxiliary 
ton  t  must  be  made  to  move  at  the  behest  possible  speed  so  as  to 
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prevent  as  much  as  possible  the  injection  of  fuel  before  the  injection 
air  has  acquired  the  velocity  necessary  to  atomize  the  fud.  Tlus 
explains  the  use  of  a  releasing  gear  for  the  auxiliary  piston  as  shown  in 
Fig.  21,  although  its  limitations  are  well  known;  even  on  speeds  wlueh 
are  considered  moderate  on  internal-combustion  engines  this  gear  is 
liable  to  work  rather  noisily. 

36    By  depositing  the  fuel  into  the  open  space  s  at  the  befpmmug 
of  the  compression  stroke  the  same  advantages  are  derived  as  far  88 
the  oil  pump  is  concerned  as  on  the  modified  Diesel  engine.    A  less 
desirable  feature  is  the  fact  that  the  oil  has  to  lie  during  the  wfade 
compression  stroke  in  space  8  in  contact  with  surfaces  and  air  which 
attain  high  temperatures;  this  facilitates  partial  evaporation  of  the 
fuel,  premature  ignition  if  the  fuel  contains  components  of  low  vol- 
atility, and  especially  the  formation  of  deposits  which  require  fre- 
quent cleaning  of  the  nozzle.    This  criticism  applies  to  a  oerUdn 
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Fig  22    Indicator  Cards,.  Trinkler-KOrtinq  Engins 

extent  also  to  the  modified  Diesel  engine  (Figs.  15  and  16),  although 
it  must  be  remembered  that  there  the  injection  air,  having  been  well 
cooled  in  the  2-stage  compressor  a  and  in  tank  t,  helps  to  cool  spacer 
during  the  injection  period,  while  in  the  Trinkler  engine  the  temper- 
ature of  the  injection  air  will  help  to  keep  the  temperature  in  s  high. 
37  A  matter  of  considerable  difficulty  seems  to  be  to  pack  prop- 
erly the  auxiliary  piston  stem.  Since  the  auxiliary  piston  is  exposed 
on  both  ends  to  the  highest  temperatures,  while  there  is  practically 
no  means  for  cooling  it  nor  even  its  chamber  a,  the  temperature  of  its 
stem  becomes  considerably  higher  than  what  is  considered  allowable 
in  stuffing  box  practice.  In  addition  to  this  the  stufl^g  box  should 
be  able  to  withstand  maximum  pressures  of  about  600  lb.  All  leak* 
age  along  the  stem  should  of  course  be  prevented,  especially  since  the 
air  available  for  fuel  injection  amounts  to  only  about  one-tenth  the 
clearance  volume  in  the  engine  cylinder.  On  the  other  hand  if  the 
stuffing  box  gland  is  tightened  too  much,  friction  easily  becomes  so 
excessive  as  to  render  inaccurate  the  movement  of  piston  t,  which 
alone  times  the  fuel  injection  period  in  this  engine. 
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38  The  pressure  of  the  injection  air  generated  in  this  engine 
remains  practically  constant  at  all  loads,  since  it  depends  entirely 
upon  the  difference  of  the  effective  areas  of  piston  t,  i.e.,  the  diameter 
of  the  piston  stem.  A  variation  of  injection  air  pressures  to  suit  the 
varying  amounts  of  fuel,  such  as  is  found  to  be  of  advantage  in  the 
Diesel  engine,  is  therefore  out  of  the  question. 

39  Fig.  22  shows  two  indicator  cards  taken  on  aTrinkler  engine.^ 
It  will  be  noticed  that  the  compression  pressure  is  400  lb.    At  normal 


Fig.  23 


Fig.  24 


Hasblwander  Engine  f 


load  combustion  sets  in,  first  at  approximately  constant  volume  and 
then  at  a  constant  pressure  of  about  500  lb.  On  a  12-h.p.  motor  the 
consumption  of  Russian  fuel  oil  was  found  to  be  0.48  lb.  per  b.h.p.  at 
normal  load,  and  0.52  lb.  per  b.h.p.  at  one-half  load. 


HASELWANDER    ENGINE 


40    C!onsiderably  simpler  than  the  Trinkler  engine  although  not 
working  under  quite  the  same  principle,  is  the  Hasel  wander  engine, 

>Zeit8chrift  des  Vereins  deutscher  Ingcnieure,  1907,  p.  903. 
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(Figs.  23  and  24).    The  auxiliary  piston  i  of  the  fonner  is  here  re- 
placed by  the  projection  t  on  top  of  the  main  piston,  while  the  cylindtf 
top  carries  a  corresponding  contraction.    As  in  the  previous  two  ex- 
amples, fuel  is  delivered  by  the  oil  pump  o  into  space  s  at  the  begin- 
ning of  the  compression  stroke  (Fig.  23),  and  remains  stored  there,  in 
front  of  the  open  injection  nozzle  m,  until  near  the  end  of  the  stroke. 
41    When  nearing  the  upper  dead  center  projection  t  of  the  main 
piston  enters  the  contracted  cylinder  top,  thereby  forming  an  annular 
chamber  a  in  the  cylinder  (Fig.  24),  in  which  the  air  is  being  com- 
pressed to  a  higher  pressure  than  the  body  of  air  above  t.    The  in- 
jection air  thus  obtained  in  annular  chamber  a  now  flows  through  Jb 
into  space  8,  where  it  displaces  the  stored  fuel  and  injects  it  througli 
nozzle  m  into  the  cylinder.    The  height  of  projection  i  is,  of  course, 
limited  by  the  desideratum  that  fuel  injection  and  ignition  must  not 
take  place  until  the  piston  has  practically  finished  its  compressian 


Fig.  25    Indicator  Card,  Hasblwander  Enginc 
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stroke,  as  other\vise  the  strain  on  the  crank  mechanism  due  to  the 
sudden  increase  in  pressure  becomes  excessive,  especially  after  the 
engine  is  warmed  up  and  ignition  takes  place  much  more  quickly. 
42  Strictly  speaking  the  Haselwander  engine  does  not  therefore 
belong  in  the  class  of  constant-pressure  engines;  fuel  being  injected 
during  the  short  interval  where  projection  t  enters  the  contracted  cyl- 
inder top  and  the  end  of  the  stroke,  combustion  will  practically  take 
place  at  constant  volume.  Since  the  air  in  the  cylinder  is  compressed 
sufficiently  high  to  ignite  the  fuel  when  injected  into  it,  it  follows  that 
the  maximum  pressures  in  this  engine  must  become  rather  high. 
This  may  be  seen  from  the  indicator  card,  Fig.  25,  where  the  compres- 
sion pressure  is  240  lb.,  while  the  maximum  explosion pressureamounta 
to  about  650  lb.  In  his  later  designs,  Haselwander  has  increased  the 
compression  pressure  sufficiently  to  do  away  with  the  igniter  which 
in  his  older  models  with  lower  compression  was  necessary  for  starting 
the  cold  engine.  As  far  as  thermal  efficiency  is  concerned,  this  is  a 
point  in  favor  of  the  Haselwander  engine,  for  it  b  well  known  that, 
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I  being  equal,  the  constant-volume  en^ne  is  Buperior  to 
&e  (xmstant^ressure  engine.  Tests  made  on  a  IO-h.p.  single-cylin- 
der,  hoiisontal,  4-cycle  engpne  of  the  older  type,  numing  at  250 
r.p.m.,  gave  the  following  results: 

Lc»dinb.b.p 11,6        10.5        9.2         7.2         6.2 

Fuel  consumption  per  b.h.p-hr.  in  lb O.Gl        0.48       0.51       0.67       0.60 


Fro.  26    Haselwamdbb  Two-Ctclb  ENoiTni 


The  fuel  used  was  Pechelbronner  crude  oil,  specific  gravity  0.814, 
heat  value  18,350  b.t.u. 

43  In  order  to  prevent  any  possible  ill  effects  from  wear  on  piston 
«nd  cylinder  walls,  the  projection  I  fits  into  the  contracted  cylinder 
top  with  considerable  clearance.  This,  however,  produces  the  rather 
eerious  drawback  of  allowing  the  hot  gases  of  combustion  to  flow  past 
projection  t  into  the  annular  space  a,  where  the  pressure  is  of  course 
much  lower  at  the  time  of  explosion  than  in  the  combustion  chamber. 
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As  a  result  projection  t  will  gradually  be  scorched  and  burnt  off,  thus 
increasing  the  clearance  space  to  an  extent  such  as  to  cause  excesave 
leakage  losses  of  injection  air. 

44  This  difficulty,  it  is  claimed  by  the  inventor,  has  been  entirely 
overcome  by  the  design  shown  in  Fig.  26.  Here  the  projection  i 
has  been  very  cleverly  combined  with  the  baffle  plate  commonly  used 
on  top  of  the  piston  of  ordinary  2-cycle  engines.  By  laying  tiiis 
baffle  t  in  the  plane  in  which  the  side  thrust  of  the  connecting  rod 
manifests  itself,  the  influence  of  wear  on  piston  and  cylinder  walls 
has  been  eliminated,  making  it  possible  to  reduce  the  clearanoe  at 
a;  to  a  minimum. 

45  The  drawbacks  incidental  to  the  method  of  depositing  fuel  at 
the  beginning  of  the  compression  stroke  in  space  8,  in  front  of  the  open 
injection  nozzle  m,  undoubtedly  make  themselves  felt  in  a  largff 
measure  in  this  engine.  Not  only  is  the  temperature  in  space  s  kept 
high  by  the  hot  injection  air,  but  it  is  liable  to  be  increased  veiy 
considerably  by  the  burning  products  of  combustion  being  blown 
back  from  the  combustion  chamber  through  nozzle  m  and  space  i 
into  a  where  the  pressure  is  at  that  moment  lower. 

DISCUSSION    OF    ENGINE   FEATUBES    OF   DIFFERENT  TTPES 

46  The  very  favorable  thermal  efficiency  of  the  Trinkler  and 
Haselwander  engines,  their  fuel  consumption  being  almost  equal  to 
that  of  the  Diesel  engine,  although  obtained  with  far  simpler  means 
than  in  the  latter,  seems  to  point  a  way  for  future  developments. 
Especially  for  units  up  to  about  15  to  20  h.p.,  which  by  making  proper 
provisions  can  be  easily  started  by  hand,  the  elimination  of  the  extra 
air  compressor  is  of  great  advantage.  But  even  for  larger  units,  where 
an  air  starting  outfit  is  needed  and  as  we  have  seen  generally  com- 
bined with  the  injection  air  compressor  by  Diesel  engine  manufac- 
turers, the  production  of  injection  air  by  the  principle  incorporated  in 
the  Trinkler  and  Haselwander  engines  seems  to  offer  certain  advan- 
tages for  the  reason,  as  already  mentioned  in  discussing  the  Diesel 
engine,  that  care  must  be  taken  to  have  the  injection  air  well  cooled; 
its  temperature  is  very  little  higher  than  the  engine-room  temper- 
ature when  it  reaches  the  injection  valve  cage.  The  drop  of  pressure 
of  the  injection  air  during  the  injection  period  varies,  according  to 
the  load,  from  250  to  500  lb.;  this,  of  course,  is  accompanied  by  a 
temperature  drop.  Since  the  volume  of  free  air  exp>ended  for  every 
injection  is  equal  to  about  one-twelfth  to  one-eleventh  the  displacement 
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}he  piston,  the  amount  of  heat  absorbed  is  therefore  consider- 
5.  Thus  by  careful  calorimetric  measurements  the  operating 
perature  of  the  atomizer  was  determined  to  be  180  deg.  fahr., 
ch,  considering  the  fact  that  its  lower  end  reaches  directly  into  the 
ibustion  chamber,  is  quite  low.  As  a  result  the  air  and  oil  spray 
old  enough  when  mjected  to  lower  materially  the  temperature  of 
air  in  the  combustion  chamber,  thus  endangering  the  certainty 
Ignition.    This  cooling  effect  manifested  itself  very  strikingly 


Fio.  27    SsTz  Oil  Engine  with  Auxiliabt  Injsction  Aib  Piston 


m  the  first  attempts  were  made  to  bum  heavy  coal  tar  oils  in  the 
sel  engine.  Only  after  the  engine  had  been  in  operation  for  some 
e,  and  was  therefore  warmed  up,  could  the  injection  air  pressure 
aised  sufficiently  to  get  somewhat  near  complete  combustion,  but 
a  then  frequent  "misses"  or  late  explosions  occurred.  This  dif- 
Ity  could  be  successfully  overcome  only  by  injecting  first  a  very 
l11  charge  of  a  lighter  oil,  immediately  followed  by  the  charge  of  coal 
oil.  Practically  all  the  leading  Diesel  engine  manufacturers  in 
many  have  recently  adopted  this  expedient,  and  quite  a  number  of 
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ingenious  constructionshi^vd within  the  lastyearortwo  been  devdoped 
for  this  purpose.  In  all  these  schemes  the  fundamental  idea  is  to 
inject;  with  the  very  first  particles  of  injection  air,  oil  partideB  iriueh 
will  immediately  be  vaporized  and  ignited,  before  enough  of  the  ooid 
injection  air  enters  the  combustion  chamber  to  cool  the  air  then 
materially.  Even  for  ordinary  fuel  oils  this  b  a  prime  requisite  in  the 
design  of  atomizers  and  injection  nozzles  to  counteract,  without 
resorting  to  excessively  high  compression,  the  cooling  effect  of  the 
injection  air,  especially  at  light  loads. 

47  It  is  evident  that  this  phenomenon  will  at  once  be  eliminated 
if  the  injection  air  is  obtained  as  illustrated  by  the  Trinkler  and  Hasel- 
wander  engines,  or  by  any  other  process  which  will  produce  heated 
injection  air;  thus  in  the  Trinkler  engine,  with  the  compression  pres- 
sure considerably  lower  than  in  the  Diesel  engine,  self-ignition  was 
successfully  obtained  from  the  start.  Heated  injection  air,  however, 
introduces  the  complications  dealt  with  in  discussing  the  method  of 
depositing  fuel  in  front  of  the  open  injection  nozzle  at  the  begumiog 
of  the  compression  stroke,  or  for  that  matter,  in  any  engine  where 
fuel  (or  fuel  vapors)  and  air  come  into  contact  with  each  other  before 
the  actual  injection  period.  This  method  of  introducing  the  oU  will, 
therefore,  have  to  be  abandoned  in  favor  of  a  scheme  for  keeping  it 
entirely  separate  from  all  air  until  the  injection  period  begins. 

48  There  is  another  consideration  which  speaks  for  such  a  step. 
It  will  be  noticed  that  the  injection  process  of  all  these  various  t)T)es 
of  engines  distinctly  resolve^  itself  into  the  two  phases  alluded  to  in 
Par.  16.  As  a  result  the  engine  makes  at  least  one-half  a  revolution 
between  the  time  where  the  measured  quantity  of  oil  is  delivered  and 
where  its  energy  is  liberated  in  the  engine  cylinder;  in  other  words, 
the  development  of  the  indicator  diagram  is  not  positively  controlled 
by  the  governor.  In  order  to  accomplish  this  the  oil  admission  period 
and  the  injection  period  must  fall  together;  regulation  will  th^  be 
similar  to  that  of  the  steam  engine,  where  the  energy  carrier  is  admitr 
ted  and  controlled  by  the  governor  at  the  beginning  of  the  working 
stroke. 

49  Under  this  condition  it  should  then  be  possible  to  use  injection 
air  of  a  higher  temperature  than  is  now  feasible,  and  as  a  result  the 
compression  pressure  in  the  cylinder  may  be  materially  lowered.  It 
is  true  that  this  will  slightly  lower  the  thermal  eflSciency ;  on  the  other 
hand,  it  must  be  remembered  that,  at  least  for  small  units,  extreme 
efficiency  is  not  so  much  the  desideratum,  especially  in  this  countO'» 
as  extreme  simplicity  and  reliability  of  operation,  which  are,  of  couree, 
very  dependent  on  the  working  pressures. 


50  It  seems  probable  that  the  introduction  of  the  fuel  into  a  blast 
injection  air  at  the  moment  fuel  injection  is  to  take  place,  instead 
onploying  the  old  method  where  the  air  blaat  has  to  pick  up  the 
H,  would,  aside  from  the  advantages  just  mentioned,  make  it  pos- 
<le  to  use  injection  air  of  a  lower  pressure.    This  induced  the  author 


Fio.  28    Setz  Engine  Stiindino  on  Testinq  Block 

ne  two  years  ago  to  build  a  simple  apparatus  by  means  of  which 
her  one  of  these  two  methods  could  be  used.  Since  the  observsr 
ns  to  be  m^de  were  of  a  relative  nature  only,  the  air  and  oil  spray 
a  merely  blown  into  the  atmosphere,  although  a  series  of  such 
periments  conducted  under  actual  working  pressures,  with  various 
%pes  of  nozzles,  would  undoubtedly  help  to  throw  much  light  on  a 
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subject  on  which,  judging  from  the  many  theories  prevalent  among 
designers  of  modem  oil  engines,  little  actual  knowledge  seems  to  exist. 
Unfortunately  the  limited  time  and  means  available  did  n^t  p^mit 
the  author  to  pursue  his  experiments  as  far  as  at  first  contemplated, 
nor  to  find  a  way  to  determine  positively  the  important  although 
elusive  degree  of  atomization.  After  several  futile  attempts  this  was 
finally  judged  merely  by  two  independent  observers.  Under  these 
conditions  few  data  of  actual  value  could  be  obtained;  the  fact, 
however,  has  been  positively  established  that  in  the  case  of  the  grad- 
ual introduction  of  the  fuel  into  the  injection  air  blast,  considerably 
less  energy  was  required  to  atomize  it  completely  than  under  the  old 
method.  This  was  especially  apparent  when  the  oil  was  introduced 
in  the  form  of  a  very  fine  film,  thus  affording  a  large  surface  over 
which  the  "disintegrating"  of  the  oil  could  take  place. 

8ETZ  ENGINE 

51     On  the  strength  of  these  observations,  as  well  as  on  the  fore- 
going critical  analysis,  an  experimental  engine,  was  subsequently 
built,  the  general  scheme  of  which  is  shown  in  Fig.  27,  represaiting 
the  injection  period.    The  principle  of  obtaining  injection  air  is  the 
same  as  that  described  in  Pars.  32  and  33  (Figs.  19  and  20).   The 
auxiliary  piston  t  has  just  produced  injection  air  of  suflSciently  high 
pressure  to  obtain  the  desired  velocity  through  passage  k,  froin 
whence  it  is  directed  into  space  s  in  such  a  way  as  to  cause  it  to  circle 
around  its  wall  down  towards  nozzle  m.    At  this  moment  pump  ^ 
begins  gradually  to  force  the  required  quantity  of  oil  into  space  s 
at  a  velocity  determined  by  the  tension  on  spring  g  of  valve  n.   Th« 
oil  is  therefore  forced  directly  into  the  stream  of  injection  air,  th 
velocity  of  which  is  relatively  much  higher  than  that  of  the  oil,  an 
the  resulting  abrupt  acceleration  of  particle  for  particle  of  oil  pro- 
duces a  complete  spray  at  a  minimmn  expenditure  of  energ>'.  A-x:i 
important  feature  of  this  arrangement  is  the  fact  that  valve  n  admits 
the  fuel  in  the  form  of  a  very  fine,  cone-shaped  film,  thus  distributii*^ 
it  equally  over  the  whole  surface  of  the  injection  air  blast.   Thi^ 
introduction  of  the  fuel  continues  until  oil  pump  valve  p,  which  ^ 
under  control  of  the  governor,  opens,  when  valve  n  will  automatically 
return  to  its  seat  and  close  off  the  oil  passage,  or  rather  the  oil  container 
therein,  from  all  contact  with  air  until  the  next  injection  period  bepo^- 
The  functions  of  valve  n  are  thus  three-fold: 
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a  To  determine  the  velocity  with  which  the  oil  is  to  enter 
space  8. 

b  To  distribute  equally  the  oil  introduced  over  the  whole  sur- 
face of  the  injection  air  stream. 

c  To  prevent  the  possibility  of  air  and  oil  coming  in  contact 
with  each  other  except  during  the  injection  period. 

52  It  is  evident  that  in  this  engine  the  duration  of  the  injection 
period  is  determined  by  the  oil  pump  o;  provisions  must  therefore  be 
made  to  start  the  admission  of  fuel  imder  all  loads  at  the  same  point, 
relatively,  to  the  position  of  the  main  piston.  This  is  accomplished 
by  means  of  valve  2,  which  always  closes  at  a  fixed  point  of  the  pump 
stroke  when  the  delivery  of  oil  begins  and  continues  at  a  rate  deter- 
mined by  the  diameter  and  stroke  of  the  plunger. 

53  Fig.  28  gives  a  view  of  this  engine  standing  on  the  testing  block. 
In  the  near  future  the  writer  expects  to  be  in  a  position  to  give  a  de- 
tailed description  of  the  constructive  elements  used,  and  to  produce 
the  data  obtained  by  the  experimental  investigations  now  going  on. 
What  little  has  already  been  obtained  promises  to  prove  the  prac- 
ticability of  the  scheme  depicted  by  Fig.  27,  which,  in  its  practical 
form,  represents  an  engine  of  surprising  simplicity. 

54  In  conclusion  the  writer  wishes  to  emphasize  the  fact  that  the 
design  and  manufacture  of  oil  engines  is  preeminently  a  matter  of 
detail  work,  which  might  appear  insignificant  compared  with  the 
general  problems  involved  in  the  design  of  an  engine.  However, 
the  history  of  the  development  of  the  Diesel  engine  shows  that  it  is 
just  these  details  requiring,  if  properly  conceived,  no  small  amoimt 
of  engineering  skill  in  their  construction,  that  determine  the  prac- 
ticability of  the  modern  oil  engine;  aside  from  the  purely  analytical  or 
speculative  problems  involved  in  these  details,  the  selection  of  proper 
materials  and  "fits,"  which  experience  and  close  observation  alone 
can  teach,  are  matters  of  utmost  importance^  and  only  the  very  best 
of  tools  and  extremely  accurate  workmanship,  together  with  broad- 
minded  business  principles,  will  make  it  possible  to  reach  the  high 
standard  necessary  to  attain  success. 

65  Looking  over  the  situation  of  the  oil-engine  industry  in  this 
country,  where  conditions  for  extended  activity  in  this  field  are  prob- 
ably more  favorable  than  elsewhere,  it  must  be  admitted  that  very 
little  has  so  far  been  accjoiiiplished.  Our  patent  records  are  not  want- 
ing in  evidences  of  interest,  nor  have  manufacturers  overlooked  this 
prime  mover.     Of  far  jjjreater  moment  than  the  patent  specification 
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U  a  full  appreciation  of  the  importance  ol  details,  the  development  of 
wfaich  along  sane  principles  must  be  the  designer's  foremost  um. 
That  this  may  involve  a  considerable  amount  of  ezperimentsl  mrk 
should  fonn  no  barrier,  for  the  commercial  posubilities  siewdl 
worth  every  earnest  effort.  There  is  a  growing  demand  in  this  coun- 
try for  reliable  engines  that  will  bum  efficiently  the  heavier  bydio- 
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carbons,  and  it  is  safe  to  predict  that  the  near  future  will  see  great 
strides  towards  the  advance  of  these  prime  movers. 

56  During  the  summer  of  1911  the  Atlas  Engine  Works  in  Indiu- 
upolis  brought  out  a  Diesel  engine  involving  some  novel  features,  flg- 
29  shows  a  cross-section  through  the  cylinder.  All  valves  are  located 
in  the  cylinder  head,  tlie  inlet  and  exhaust  valves  side  by  side  m  i 
vtrtical  position,  a  practice  which  is  coming  more  and  more  in  famr 
ill  larger  vertical  gas-engine  construction  also.  By  this  arrangemai* 
a.  combustion  cliambcr  free  of  any  pocketo  is  obtuned,  ^cfa,  of 
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course,  ia  conducive  to  high  thermal  ^fHciencies,  at  the  aame  time 
eliminating  eccentric  and  uncontrollable  straioa  on  the  cylinder  or 
eylinder  head.  Inlet  and  exhaust  valves  are  operated  by  means 
of  eccentrics  and  wiper  cams. 

57  The  air  starting  valve  A  is  placed  horizontally,  on  the  side  of 
the  cylinder  head.  It  is  operated  in  the  usual  way  by  shifting  a  cam 
C,  by  means  of  lever  L,  thereby  cuttmg  out  the  injection  valve  gear 
and  putting  in  operation  the  air  valve  lever  R, 


Fio.  30    Injection  Valve  of  Atlas  Dixskl  Ehqihx 

58  The  location  of  the  injection  valve  cage  off  center  and  under  an 
angle  is  somewhat  unusual,  but  is  a  good  solution  of  the  rather  diffi- 
cult problem  of  placing  this  valve  as  close  to  the  center  as  possible 
without  endangering  the  circulation  of  cooling  water  in  the  cylinder 
head.  Furthermore,  it  makes  it  possible  to  operate  this  valve  in  the 
most  direct  way,  by  means  of  a  bell  crank  B. 

fi9  Fig.  30  shows  a  cut  through  the  injection  valve.  Fuel  oil 
enters  through  a  into  the  ring  space  r,  from  where  it  is  forced  through  a 
8^68  of  small  holes  into  tho  annular  space  s;  this  same  space  is  in 
commimication  through  passage  -p  with  the  injection  air  supply.  As 
soon  as  needle  valve  n  is  lifted  off  its  seat  injection  au-  and  oil  are 
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forced  through  a  circle  of  holes  e  and  through  paasages  h,  iriiidi  hn 
take  the  place  of  the  injectioii  nossle,  into  the  combuBti<Hi  chuiber. 
A  test  cock  Lb  provided  at  c,  by  means  of  which  the  oil  mnpf^  pipe 


Fio.  31    DiAORAMUATic  View 
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may  be  filled,  and  the  proper  delivery  of  oil  ascertained  before  tw 
engine  is  started  up.  For  this  purpose  the  oil  pump  may  bedi**' 
necked  fniiii  its  drivii^  gear  on  the  engine  shaft  and,  after  W* 
has  boon  opcnrd,  operated  by  hand  until  oil  emerges  from  the  »* 
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when  the  latter  is  closed  and  the  oil  pump  connected  to  its  driving 
gear  again. 

60  The  fuel  pump,  a  diagrammatic  view  of  which  is  shown  in 
Fig.  31,  is  of  entirely  novel  construction.  Aside  from  the  usual 
plunger  p  which  forces  the  oil  into  the  injection  valve  cage,  a  second 
plimger  m  is  used,  the  movement  of  which  is  derived  from  plunger  p 
by  a  system  of  levers.  The  stroke  of  plunger  p  is  constant,  while 
that  of  m  varies  according  to  the  position  of  the  governor,  which  shifts 
the  fulcrum  of  lever  a  by  means  of  bell  crank  c  or  its  equivalent. 
Plimger  m  is  used  merely  to  measure  the  desired  quantity  of  fuel  oil 
and  to  force  it  past  valve  v  into  space  a;  since  the  latter  function  is 
augmented  by  the  suction  of  plunger  p,  the  spring  tension  of  valve  v, 
which  must  be  high  enough  to  keep  this  valve  closed  on  light  loads 
when  there  will  be  a  partial  vacuum  in  space  s,  is  easily  overcome 


Fig.  32    Diagrams  obtained  on  othbb  Diesel  Engine  with  Load 

suddenly  thbown  off 

practically  with  no  pressure  exerted  upon  plunger  in  except  that  cor- 
responding to  the  slight  head  under  which  the  oil  enters  the  pump. 
This  pressure  is  so  slight  that  not  even  a  gland  is  needed  on  plunger  m, 
which,  of  course,  reduces  friction  to  a  minimum.  By  this  arrange- 
ment practically  no  reactions  manifest  themselves  upon  the  governor, 
thus  insuring  quickness  and  accuracy  of  regulation. 

61  A  series  of  diagrams,  obtained  with  the  load  suddenly  thrown 
off,  is  shown  in  Fig.  32.  In  studying  these  diagrams  it  must  be  borne 
in  mind  that  at  the  time  they  were  obtained  the  engine  was  equipped 
with  an  ordinary  Porter-Allen  governor. 

62  It  remains  to  be  seen  whether  the  economical  possibilities  of 
the  Diesel  engine  are  such  as  to  warrant  its  extensive  use  in  the  United 
States.  The  statement  has  often  been  made  that,  owing  to  the  low 
cost  of  our  liquid  fuels,  the  Diesel  engine  cannot  successfully  compete 
with  other  forms  of  internal-combustion  engines,  the  gain  in  fuel  con- 
sumption not  being  high  enough  to  outbalance  expenditures  in  other 
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directions.  To  the  writer's  knowledge,  no  conclusive  proof  of  this 
statement  has  ever  been  produced  unless  the  apparent  failure  of  the 
Diesel  engine  to  secure  for  itself  as  firm  a  foothold  in  our  market  as  in 
the  European  is  to  be  taken  as  such.  However,  there  are  good  reasons 
to  believe  that  this  condition  emanates  from  sources  for  which  the 
Diesel  engine  as  such  is  in  no  way  responsible.  The  following  compar- 
ative investigation  into  the  cost  of  power  generated  by  an  anthracite 
gas  producer  plant,  a  natural  gas  engine,  a  low-pressure  oil  engine  and 
a  Diesel  engine  might  therefore  be  of  interest. 

63  Table  2,  items  1  to  11,  shows  representative  operating  results 
pertaining  to  imits  of  from  100  to  150  h.p.,  at  full, } and  }  load.  These 
figures  should  be  fairly  accurate  for  units  considerably  below  and  above 
these  capacities,  especially  since  relative  values  only  will  be  used. 
There  is  no  reason  why  results  obtained  in  a  first-class  plant,  under 
the  care  of  a  level  headed  attendant  with  ordinary  experience,  should 
under  the  assumed  costs  for  fuel,  labor,  water  and  oil  vary  to  such  an 
extent  that  a  fair  compilation,  to  represent  average  practice,  could 
not  be  made,  and  the  figures  contained  in  Table  2  are  to  be  so  consid- 
ered. For  special  cases,  where  local  requirements  and  conditions  are 
known,  corresponding  allowances  will,  of  course,  have  to  be  made. 

64  In  view  of  test  results  frequently  published  in  trade  journals 
and  other  publications  some  of  the  figures  assumed  for  the  fuel  con- 
sumption per  b.h.p-hr.,  item  1,  might  not  find  general  approval. 
Thus,  it  is  not  imcommon  to  find  statements  to  the  effect  that  an  an- 
thracite gas  producer  plant  will  develop  a  b.h.p-hr.  on  1  lb.  of  coal. 
There  is  no  question  but  that  such  results  are  being  attained  on  test 
blocks,  where  both  engine  and  producer  have  expert  attendance  and 
run  under  the  most  favorable  conditions.  However,  it  is  a  well- 
known  fact  that  the  eflSciency  of  a  producer  plant  is  extremely  sus- 
ceptible to  the  manner  of  operating.  Variations  in  the  grade  of  fuel, 
wasting  of  coal  in  charging  and  in  removal  of  ashes,  fluctuations  of 
the  load  and  above  all,  variations  in  the  human  element  on  which  the 
maintenance  of  those  conditions  which  make  for  the  efficiency  of  the 
plant  depends,  all  help  to  cause,  in  many  cases,  quite  considerable 
variations  between  test  results  and  actual  operating  results.  This 
applies  not  only  to  a  producer  plant  but  also  in  a  lesser  degree  to  the 
others. 

66  Wherever  the  proper  mixture  of  combustibles  has  to  be  formed 
during  the  suction  stroke,  variations  in  the  composition,  pressure  and 
temperature  of  the  gas,  or  oil  vapor  in  low-pressure  oil  engines,  as 
well  as  variations  in  the  atmospheric  conditions  of  the  air,  require  cor- 
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responding  corrections  in  the  port  openings.  There  is  no  method 
of  regulation,  and  never  will  be,  which  will  automatically  take  care 
of  all  these  variations  in  such  a  manner  that  the  engine  will  si  til 
loads  deliver  its  work  at  the  best  possible  economy.  This  must  always 
depend  to  a  large  degree  on  the  intelligence  of  the  operator. 

66  On  the  other  hand,  the  cycle  of  operation  renders  the  IXeeel 
engine  entirely  free  from  all  such  influences.    Variations  in  the  atmoi- 
pheric  condition  of  the  air  are  at  once  eliminated  by  the  high  conqHes- 
sion,  while  the  fact  that  the  fuel  is  injected  in  liquid  form  directly  into 
the  combustion  chamber  eliminates  variations  of  temperature  or 
pressure.    The  only  variable  which  thus  remains  is  the  compootion 
of  the  fuel,  which  ultimately  manifests  itself  in  a  smaller  or  lufs^ 
amount  of  heat  energy  liberated  in  the  combustion  chamber  and  this 
is  easily  and  entirely  automatically  handled,  by  the  governor,  pro- 
vided the  necessary  amount  of  air  to  sustain  complete  combustioD 
be  present.    About  this  there  ^an  be  no  question,  for  at  all  loads 
below  the  maximum  there  will  always  be  an  excess  of  air  in  the  com- 
bustion chamber.    This  entire  absence  of  uncontrollable  influcDces 
in  the  Diesel  engine  accounts  for  the  fact  that  in  numerous  installft- 
tions  actual  operating  results  over  extended  periods  are  practicaDy 
the  same  as  test  results;  the  fuel  consumptions  of  the  Diesel  engine, as 
given  in  item  1,  are  therefore  extremely  conservative  figures,  as  they 
represent  by  no  means  the  best  or  even  the  average  results  on  record. 

67  Item  2  shows  the  fuel  consumption  per  horsepower  per  year. 
The  number  of  hours  of  operation  per  year  is  assumed  to  be  4500;  for 
most  installations  this  figure  is,  undoubtedly  too  high  and  3000  hours 
would  probably  cover  average  conditions  better.  There  are,  however, 
plants  where  operation  is  practically  continuous  and  although  in  such 
cases  it  is  usually  the  practice  to  have  two  or  more  units  which  are 
rim  alternately,  the  total  number  of  hours  of  operation  often  reaches 
into  4000  per  year.  The  assumed  4500  hours  should,  therefore, 
sufiice  to  take  in  practically  ail  cases  for  the  size  units  here  considered. 

68  In  regard  to  the  cost  of  fuel,  item  3,  it  must,  of  course,  be  borne 
in  mind  that  the  figures  given  are  subject  to  considerable  variations 
according  to  localities.  Anthracite  producer  plants  are  today  almost 
entirely  restricted  to  the  eastern  states,  where  in  most  localities  coal 
in  pea  or  No.  1  buckwheat  size  may  be  had  at  from  S3.50  to  J4.50pef 
ton.  The  assumed  figure  of  $4,  to  represent  average  conditioitf. 
seems  therefore  justified. 

69  Much  more  variation  exists  in  the  cost  of  natural  gas.  There 
are  plants  today  where  natural  gas  is  available  at  10,12  and  17  cents 


per  1000  cu.  ft.  These,  however,  are  rather  rare  exceptions  and  even 
in  the  center  of  the  Pennsylvania  gas  field  the  prevailing  figure  at  the 
present  time  is  28  cents,  with  a  continual  upward  trend. 

70  The  average  cost  of  liquid  fuel  was  assumed  to  be  3  cents  per 
gal.  for  both  the  low-pressure  oil  engine  and  the  Diesel  engine.  This, 
in  the  writer's  estimation,  is  a  rather  unfavorable  assumption  as  far 
as  the  Diesel  engine  is  concerned,  for  upon  close  investigation  the  fact 
could  undoubtedly  be  established  that,  as  a  whole,  Diesel  engines 
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Pio.  33    CouFAKieoN  bktween  thk  Dibsel  Enoink  and  Gas  Fkoducer 
Plant 

are  operated  on  a  slightly  lower  grade  and,  therefore,  cheaper  fuel 
than  low-pressure  engines. 

71  In  cognizance  of  the  generally  prevailing  belief,  at  least  in 
this  country,  that  Diesel  en^nes  require  more  skilful  attendance  than 
other  forms  of  internal-combustion  en^nes,  the  cost  of  labor  for 
the  former  was  assumed  to  be  20  per  cent  higher,  item  6,  which  in  the 
writer's  opinion  is  quite  a  liberal  allowance,  for  the  operating  require- 
ments of  a  well-designed  Diesel  engine  are  today  hardly  more  exact- 
ing than  those  of  a  gas  engine,  and  no  more  repair  work  is  needed. 
The  latter,  it  is  true,  is  likely  to  be  of  a  more  exacting  nature  than  on 
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ordinary  internal-combustion  engines,  but  the  fact  must  not  be  over- 
looked that  the  necessity  of  extensive  or  frequent  repairs^m  DM 
engines  is  evidence  of  poor  design  or  workmanship  and  willnotoeeor    I 
in  an  engine  designed  along  modem  principles. 

72  Owing  to  the  higher  pressures  prevailing  [in  Diesel  engi&es 
the  oil  consumption,  item  7,  is  slightly  higher  than  in  either  gu  or 
low-pressure  oil  engines. 

73  On  the  other  hand,  the  absence  of  any  danger  of  premttore 
ignitions  will  make  it  possible  to  operate  the  Diesel  engine  on  sGi^Uy 
less  cooling  water  than  the  other  types,  item  9.    Both  the  water  and 
lubricating  oil  consumptions  are  assumed  to  remain  constant  tos^ 
full  to  \  load. 

74  The  fixed  charges  per  year,  items  13  and  14,  will  remain  th^ 
same,  no  matter  how  many  hours  the  plant  is  in  operation.  Tk^ 
assumed  initial  cost  of  the  installation  of  $80  per  h.p.  is,  of  course,  too 
high,  even  for  a  Diesel  engine,  especially  since  this  figure  is  to  inctol^ 
the  engine  only,  and  in  the  case  of  a  producer  plant  also  the  gas  pro- 
ducer, together  with  all  piping  and  accessories,  ready  for  operatioEB-' 
Foundations,  electric  generators  and  buildings  arenot  to  be  inchub^ 
as  these  items,  and  with  the  exception  of  the  producer  plant,  will  VBr3^ 
little  for  the  different  types  considered. 

75  It  will  be  noticed  that  the  fixed  charges  include  maintaun<7'^ 
which,  strictly  speaking,  ought  to  be  charged  to  operating  expensed  i 
since  this  is  a  factor  depending  primarily  upon  the  hours  of  operatio^^ 
of  the  plant.     However,  a  study  of  Figs.  33,  36  and  37  will  show  ^bm^^ 
no  appreciable  error  is  committed  by  including  this  item  in  the 
charges.     Maintenance  of  the  Diesel  engine  is  assumed  to  be  50 
cent  higher  than  for  the  other  types.    Depreciation  is  also  assumed  t>^ 
be  almost  50  per  cent  higher,  10  per  cent  against  7  per  cent  for  tb^^ 
other.    Thus,  against  a  total  of  15  per  cent  fixed  charges  in  the 
of  the  gas  and  low-pressure  oil  engines,  the  Diesel  engine  will 
charged  with  19  per  cent. 

76  The  saving  in  operating  expenses  in  favor  of  the  Diesel  engine-*' 
and  the  excess  fixed  charges  against  it  are  given  in  items  12  and    ^^ 
respectively.    These  are  the  two  factors  which  will  ultimately  det^^r- 
mine  the  economical  limitations  of  the  Diesel  engine  as  against  ot^^^'i' 
types  of  internal-combustion  engines.     Fig.  33  shows  a  compari»ofl 
between  the  Diesel  engine  and  the  gas  producer  plant.    The  houis 
of  operation  are  marked  in  equal  increments,  starting  with  0  on  t^^ 
left  up  to  4500  on  the  right,  on  the  abscissa  XX.    The  vertical  dis- 
tances from  the  XX  axis  to  the  full  lines  marked  full  load,  \  load  and 
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}  load  represent  savings  in  operating  expenses  in  favor  of  the  Diesel 
engine.  For  all  practical  cases  these  savings  will  decrease  propor- 
ti<nially  with  the  decreasing  number  of  hours  of  operation  so  that  these 
lines,  obtained  by  connecting  the  points  designating  the  savings  at 
4500  hours  with  the  point  0  hours  on  the  XX  axis,  will  give  a  ready 
means  to  read  off  the  saving  for  any  number  of  hours  of  operation. 

77  Starting  from  right  to  left  the  abscissa  is  also  divided  into  equal 
parts  from  0  to  $80,  representing  investment.  The  line  below  the 
abscissa  marked  15  per  cent  fixed  charges  represents  the  increase  of 
fixed  charges  from  0  to  $80;  the  additional  4  per  cent  fixed  charges 
for  the  Diesel  engine  are  plotted  likewise  above  the  abscissa.  From 
this  it  will  be  seen  that  the  assumed  first  cost  of  $80  per  h.p.  of  the 
installation  is  immaterial,  as  from  the  diagram  we  can  easily  obtain 
the  fixed  charges  for  any  other  initial  cost.  An  example  will  make 
this  clear.  We  will  assume  that  the  Diesel  engine  complete,  as  out- 
lined above,  costs  $65  per  h.p.  while  the  producer  plant,  including  the 
producer,  will  cost  $55  per  h.p.  The  location  of  these  two  initial 
costs  is  represented  on  the  diagram  by  the  vertical  dashed  lines  which 
are  marked  accordingly.  It  will  be  noticed  that  the  excess  fixed 
charges  of  the  Diesel  engine  over  the  producer  plant  consist  of  4  per 
cent  of  $65,  equal  to  distance  a,  plus  15  per  cent  of  $65-55,  equal  to 
distance  b,  which,  added  together,  will  locate  point  ^1.  The  horizontal 
line  CC  through  point  A  will  then  show  at  a  glance  where  the  saving 
in  operating  expenses  outbalances  the  excess  fixed  charges. 

78  There  is,  however,  one  point  that  has  not  yet  been  consid- 
ered, the  standby  losses  of  the  producer  plant.  According  to  the 
available  data  a  fair  estimate  would  be  that  the  coal  consumed  per 
idle  hour  and  h.p.  is  about  3  per  cent  of  the  coal  consumption  per 
h.p-hr.  at  full  load,  i.e.,  3  per  cent  of  li  lb.  The  standby  loss  per 
h.p.  per  year,  if  the  plant  were  never  in  operation,  would  then  amount 
to 

?652< 24 XL25  ^ 4.O X 0.03  =$0.58 
2240 

79  If  the  plant  were  in  operation  for  4500  hours  per  year, 
there  would  remam  (365  X  24)  -  4500  =  4260  idle  hours,  which 
would  reduce  the  standby  losses  to 

0.58 
365  X-24  X  ^260  =  »0.28 

80  Since  there  are  no  standby  losses  incidental  to  the  operation  of 
a  Diesel  engine,  the  above  expense  items  will  have  to  be  charged 
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against  the  producer  plant.    The  light  dashed  lines  in  Ilg.  33  Atm 
how  this  affects  the  savings  at  full  load,  }  load  and  |  load. 

81  From  the  foregoing  it  is  evident  that  the  vertical  distanceB 
above  the  horizontal  line  cc  to  the  lines  designating  savings  in  opent- 
ing  expenses  at  various  loads  will  at  once  give  us  the  actual  saving  per 
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FiQ.  34    Mechanical  Efficiencies  and  B.T.U.   Consumed  in  Gas  akp 

Diesel  Engines 

h.p.  per  year  in  favor  of  the  Diesel  engine;  the  intersection  of  thtae 
lines  locates  the  points  where  the  saving  in  operating  expenses  and  thi* 
excess  fixed  charges  are  equal,  i.e.,  where  the  cost  of  1  h.p.  per  year 
generated  in  a  gas  i^roducer  plant  and  in  a  Diesel  engine  are  the  same. 
Thus  we  find  that  at  full  load  and  considering  standby  losses,  this 
point  will  be  reached  if  either  plant  operates  about  3080  hours  per 


H.  B.  SET8  899 

year.  There  are,  however,  very  few  plants  carrying  full  load  right 
along  and,  except  for  pumping  stations,  the  average  load  will  in  most 
cases  hardly  ever  be  as  high  as  }  load.  Fig.  33  shows  that  at  }  load, 
and  including  standby  losses,  the  Diesel  engine  will  generate  1  h.p. 
per  year  cheaper  above  2600  hours  of  operation  than  the  producer 
plant.  Assimdng  3000  operating  hours  per  year,  a  saving  of  about 
S0.60  in  favor  of  the  Diesel  engine  will  be  obtained  for  every  horse- 
power. At  ^  load  this  saving  would  amount  to  about  $1.60  and  it 
would  still  pay  to  install  a  Diesel  engine  if  the  plant  were  to  nm  only 
2060  hours  per  year. 

82  The  superior  economy  of  the  Diesel  engine  at  light  loads  sug- 
gested in  Table  2  is  made  clear  in  Fig.  33.  This  is  a  characteristic 
feature  of  the  Diesel  engine  and  one  well  worth  looking  into  a  little 
more  extensively.  In  Fig.  34  the  mechanical  efficiency,  B.t.u.  con- 
sumed per  i.h.p.  and  b.t.u.  per  b.h.p-hr.  in  a  Diesel  engine  and  in 
the  ordinary  gas  engine  are  plotted.  These  curves  represent  average 
values  of  test  and  operating  results  on  2,  3  and  4-cylinder  vertical 
engines  of  from  70  to  200  h.p.  published  in  the  technical  literature 
within  the  last  few  years.  In  many  ways  this  method  of  averaging  is 
of  course  objectionable,  particularly  in  regard  to  the  heat  consump- 
tion, and  the  absolute  values  are  by  no  means  to  be  taken  as  repre- 
sentative; the  idea  was  merely  to  determine  the  general  tendency 
of  the  heat  consumption  for  varying  loads.  It  will  be  noticed  that 
the  mechanical  efficiency  of  both  the  gas  engine  and  the  Diesel  engine 
increases  with  increasing  load,  and  that  in  the  latter  it  is  less  than  in 
the  gas  engine,  due  to  the  heavier  pressures  prevailing  through  a  con- 
siderable part  of  the  cycle  of  operation.  While  the  b.t.u.  consumed 
per  i.h.p.  increases  comparatively  rapidly  with  decreasing  loads  in  the 
gas  engine,  that  of  the  Diesel  engine  falls  off.  This  is  to  be  expected 
(see  Fig.  35)  since  the  thermal  efficiency  of  the  ideal  Diesel  engine  is 
expressed  by  the  formula. 

T?  —  1  —     X— 1   X  — 7 —     -^x 

«  x(r- 1) 

83  In  actual  practice  the  ratio  r  increases  from  very  nearly  1  at 
no  load  to  about  3  at  maximum  load.    For 

r  =  1.5,  3 
";— 1^=1.09,1.31 

84  The  mechanical  efficiency  divided  into  the  b.t.u.  consumed 
per  i.h.p.  gives  the  b.t.u.  consumed  per  b.h.p.    In  both  the  gas  and 
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the  Diesel  engine  values  for  the  latter  increase  with  decreasiiig  kids 
owing  to  the  decreasing  mechanical  efficiency;  but  while  the  iname 
is  quite  rapid  in  the  case  of  the  gas  engine  the  corresponding  eurvefor 
the  Diesel  engine  is  very  much  flatter  and  reaches  a  minimum  U 
about  full  load.  In  this  respect  it  does  not  differ  very  much  from  thai 
of  a  well-designed  steam  engine.  This  means  that  at  the  rated  load 
the  Diesel  engine  shows  its  maximum  economy,  compared  with  wludi 
the  gas  engine  has  no  overload  capacity  unless  it  is  undeirated,  of 
coiu'se,  at  the  expense  of  economy. 

85  This,  then,  together  with  Fig.  33,  shows  that  the  Diesd  en^ne 
is  preeminently  suited  to  take  care  of  varying  loads  at  a  much  hig^ 
economy  than  the  anthracite  producer  plant,  and  if  it  is  remembered 
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Fig.  35    Ideal  Indicator  Diagram  of  Diesel  Engine 


that  in  the  figures  underlying  Fig.  33,  the  extra  cost  of  larger  floor 
space,  foundation  and  building  for  the  gas  producer  plant  are  not 
included,  there  can  hardly  be  any  question  but  that  in  most  cases  the 
Diesel  engine  deserves  the  preference. 

86  Quite  the  opposite  holds  true  in  the  case  of  a  natural  gas  engiVi 
Fig.  36.  Assuming  the  initial  cost  of  the  installation  to  be  $40  per 
h.p.,  against  $65  for  the  Diesel  engine,  it  will  be  noticed  that  with 
gas  at  30  cents  per  1000  cu.  ft.  things  are  entirely  in  favor  of  the 
natural  gas  plant.  The  excess  fixed  charges  of  the  Diesel  engine  pn^ 
tically  overbalance  all  its  savings  in  operating  expenses  ev^  it  \ 
load. 

87  Fig.  37  shows  a  comparison  between  the  Diesel  engine  and  • 
low-i)ressure  oil  engine.    The  latter  desiimation  is  understood  to 
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^iply  to  engmes  working  under  some  such  principle  as  shown  in  Fig. 
2,  of  which  there  is  at  the  present  time  quite  an  extensive  trade  in  the 
Middle  West.  The  initial  cost  of  auch  an  eng^  is  assumed  to  be 
$46  per  h.p.  against  $65  for  the  Diesel  engine.  The  diagram  shows 
that  at  full  load  and  3400  hours  of  operation  per  year  the  cost  of  power 
inoduced  by  either  unit  will  be  alike.  At  }  load,  however,  this  point 
is  reached  at  2250  hours  of  operation  per  year  while  at  3000  hours  of 
operation  the  saving  in  favor  of  the  Diesel  engine  per  h.p.  per  year 
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Fio.  36    CoKPARtsoN  BETWEEN  DiEBEL  Enqine  Airs  Natubal  Gas  Engine 


would  amount  to  somethiDg  like  $1.65,  which,  at  \  load  increases  to 
K.46  per  h,p.  per  year.  In  connection  with  thb  the  fact  must  not 
be  lost  sight  of  that  in  figuring  the  cost  of  fuel  per  horsepower-year 
for  the  low-pressure  oil  engine  the  cost  of  gasolene  necessary  for  start- 
ing was  not  considered,  and  that  the  above  savinga  in  favor  of  the 
Diesel  eng^e  are,  therefore,  subject  to  an  increase,  depending  upon 
-tiie  niimber  of  starts  and  the  length  of  the  starting  periods. 

88  For  the  sake  of  completeness  a  comparison  between  a  Diesel 
engine  and  a  soft  coal  producer  plant  should  also  be  made.  There 
can  hardly  be  any  question  but  that  for  larger  units  of  say  above 
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250  h.p.  the  soft  coal  producer  will  be  able  to  hoM  its  own  against 
the  Diesel  engine;  below  this  dee,  however,  the  compantivtly 
very  much  larger  cost  than  an  anthracite  producer  will  almost  caD- 
pletely  outbalance  the  saving  obtEuned  by  using  cheaper  fude  so  that 
the  sum  total  of  all  expenses  would  give  results  hardly  more  favonbfe 
than  those  of  the  anthracite  plant.  In  addition  to  this,  the  preeent 
status  of  the  soft  coal  producer  for  smaller  units  is  today  etili  vay 


Flo.  37    Comparison  betwbbn  Oibsbl   Enqinb  and  Low-PbessobB  0"- 
Engine 

much  in  the  experimental  stage.     These  remarks  apply  like«i*  *" 
crude-oil  and  peat-gas  producers. 

89  On  the  strength  of  the  foregoing  investigation  it  may  be  s**" 
that,  considering  average  coniUtions,  Diesel  engines  are  ingeM* 
superior  to  anthracite  gas  producer  plants  or  low-pressure  oil  enp'''' 
particularly  for  plants  with  varying  loads  and  running  over  at*"* 
2000  hours  per  year.  For  most  industrial  or  municupal  plants  v^ 
natural  gas  at  low  cost  is  not  available,  or  where  conditioiu  do  V^ 
warrant  the  installation  of  a  gas  producer  plant  to  utilize  tbecli'*C 
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fuels  just  enumerated,  the  Diesel  engine  is  therefore  the  most  promis- 
ing prime  mover,  even  at  the  rather  high  initial  cost  of  $65  per  h.p. 
assmned.  There  is  no  reason  why  engines  of  this  type  cannot  be  built 
considerably  cheaper  without  impairing  in  the  least  the  accuracy  of 
workmanship  or  resorting  to  objectionable  features  in  the  design. 
There  is  no  better  proof  of  this  than  the  development  of  the  Diesel 
engine  during  the  last  few  years  on  the  European  continent;  since 
the  Diesel  patents  have  expired  practically  every  well  established 
engine  builder  has  taken  up  the  manufacture  of  this  engine,  as  a 
result  of  which  prices  have  been  materially  reduced  while  design  and 
workmanship  have  undergone  continuous  improvements. 

90  Competition  is  a  most  powerful  stimulant  of  progress,  the 
lack  of  which  has  made  itself  keenly  felt  in  the  past  in  this  particular 
field  in  the  United  States.  A  change  for  the  better  is  imminent  now, 
since  a  number  of  new  concerns  have  taken  up  the  manufacture  of 
Diesel  engines;  if  the  increased  activity  which  we  are  bound  to  wit- 
ness in  the  near  future  'will  be  instrumental  in  reducing  the  initial 
cost  of  a  Diesel  engine  only  $5  per  h.p.,  the  margin  of  savings  in  its 
favor  will  be  greatly  increased.  A  glance  at  Fig.  33  will  readily  show 
this.  The  dash  line  through  point  A  marked  d  represents  the 
increase  of  excess  fixed  charges  against  the  Diesel  engine  from  an  ini- 
tial cost  of  $55  per  h.p.  up  to  $80  per  h.p.  If  a  horizontal  line, 
similar  to  ce,  is  drawn  through  the  point  on  line  d  representing  excess 
fixed  charges  at  $60,  it  will  at  once  be  seen  that  the  savings  in  favor 
of  the  Diesel  engine  increases  $0.95  for  every  horsepower-year. 
The  points  of  intersection  of  this  new  horizontal  line  with  the  line 
designating  saving  in  operating  expenses  at  full  load,  }  load  and  i 
load  will  move  farther  to  the  left,  showing  that  the  Diesel  engine 
becomes  more  economical  than  the  gas  producer  plant  at  fewer  operat- 
ing hours  per  year  thac  formerly  where  the  Diesel  engine  was  assumed 
to  cost  $65  per  h.p. 

Since  this  paper  was  written  an  admirable  treatise  on  the  same  subject  by 
Prof.  A.  Naegel,  appeared  in  No.  32  of  the  Zeitschrift  des  Vereins  deutscher 
Ingoiieure,  which  gives  a  ver}'  complete  review  of  the  present  status  of  the 
modem  oil  engine  in  Germany.  Particularly  the  very  latest  developments  of 
large  units,  as  well  as  the  provisions  made  for  the  utilization  of  the  heavy 
coal  tar  oils,  are  fully  described  and  illustrated.  Although  it  will  probably 
be  some  time  before  American  engineers  will  be  called  upon  to  direct  their 
attention  towards  such  advanced  problems,  a  perusal  of  said  article  is  here- 
with recommended,  especially  since  the  many  excellent  illustrations  are 
highly  suggestive. 
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TEST  OF  AN  85-H.P.  OIL  ENGINE 

By  Forrest  M.  Towl,  New  York 
Member  of  the  Society 

91  A  test  of  a  De  La  Vergne  oil  engine,  FH  type,  was  made  at 
the  pumping  station  of  the  Standard  Oil  Company,  Fawn  Grove,  Pa., 
on  April  20  and  21,  1911.  The  engine  was  one  of  the  regular  85-h.p. 
machines,  built  by  the  De  La  Vergne  Machine  Company,  New  York, 
cylinder  17  in.  by  27)  in.  and  running,  as  installed  at  Fawn  Grove, 
at  about  180  r.p.m! 

92  This  type  of  engine  operates  on  the  well-known  Beau  de  Rochas 
cycle.  The  successive  operations  take  place  in  much  the  same  man- 
ner as  in  the  ordinary  4-cycle  gas  en^e,  except  that  the  fuel  is 
injected  into  the  cylinder  at  the  completion  of  the  compression  stroke 
instead  of  being  drawn  in  gradually  as  in  the  gas  engine.  Figs.  38 
and  39,  an  exterior  view  and  a  longitudinal  section,  show  the  relation- 
ship of  the  various  parts  and  the  internal  construction.  Fig.  40  shows 
the  engine  and  pump  as  installed,  with  clutch  connection. 

93  The  charge  of  air  is  drawn  into  the  cylinder  through  the  inlet 
valve  A  (Fig.  39),  and  during  the  compression  stroke  which  follows  is 
forced  into  the  small  combustion  chamber  at  the  rear  end  of  the  cyl- 
inder, where  it  is  compressed  to  about  300  lb.  per  sq.  in. 

94  A  valuable  feature  of  this  engine  is  the  high  thermal  eflBciency 
without  excessive  cylinder  pressure.  The  highest  pressure  after 
ignition  is  approximately  500  lb.  per  sq.  in. 

95  Fuel  is  preferably  stored  in  an  underground  tank,  from  which 
it  is  raised  by  a  small  rotary  pump  driven  by  tl  e  engine  to  a  minia- 
ture standpipe.  An  oil  pump  withdraws  it  from  the  standpipe  and 
delivers  it  at  high  pressure  to  the  spraying  device,  whence  it  is  pro- 
pelled into  the  cylinder  at  the  proper  moment  in  a  highly  atomized 
state. 

Presented  at  the  Annual  Meeting  1911,  of  The  American  Society  of 
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96  The  spraying  nozsle  is  designed  especially  with  a  view  to  mik- 
ing derangement  impossible.  The  oil  and  compressed  air  are  adnut- 
ted  on  opposite  sides  of  a  sleeve  which  encloses  the  needle-valve  |nn. 
On  the  surface  of  the  sleeve  is  cut  a,  series  of  diagonal  grooves  and 
channels  through  which  the  oil  and  air  are  forced  to  pass.  In  tliis 
way  an  extremely  minute  subdivision  of  the  particles  of  oil  and  s 
most  intimate  mixtnte  with  the  air  are  obtained.  The  needle  valve 
by  which  the  chaige  is  admitted  into  the  cylinder  is  about  }  in.  In 
diameter,  and  vrith  iia  appurtenances,  is  so  arranged  that  the  whole 
may  be  instantly  withdravm  for  inspection  at  any  time. 


Fio.  38    Exterior  View  of  S6-h.p.  Db  La  Veronb  Oil  Ekoine,  Tm  FH 

97  The  air  for  spraying  the  oil  b  supplied  by  a  two-stage  air  com- 
pressor, shown  at  C  Fig.  39,  driven  by  an  eccentric  on  the  enpM 
shaft.  The  air  compressed  by  the  first  stage  is  stored  in  a  tank  »* 
about  150  ib.  pressure,  and  b  utilized  for  starting  the  engine.  1^ 
second  stage  of  the  compressor  is  quite  small  and  handles  only  suffi- 
cient air  to  effect  the  spraying  of  the  oil  from  stroke  to  stroke.  H" 
amount  of  air  drawn  in  by  the  second  stage  is  controlled  by  the  enjiK 
governor  to  suit  the  various  charges  of  fuel. 

98  Ignition  of  the  cbai^c  is  effected  by  means  of  the  vaporiur  oi 
liot  cap  shown  at  D,  a  device  consisting  of  a  massive  gun-iron  thimble- 
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heavily  ribbed  on  the  mmde  to  increase  its  radiating;  Buiface.  It  is 
located  on  the  side  of  the  cylinder  head  and  opens  directly  into  the 
combustion  chamber,  across  which  and  into  the  vaporizer  the  charge 
of  fuel  is  injected.  By  this  device  the  fuel  is  ignited  as  soon  as  the 
spraying  valve  is  opened,  and  it  is  therefore  possible  exactly  to  time  the 
point  of  igoitioQ.  As  the  fuel  is  not  introduced  into  the  cylinder 
until  the  moment  of  ignition,  a  relatively  high  compression  may  be 
had  without  the  possibility  of  back-Gring.  The  vaporizer  must  be 
heated  by  a  blast  lamp  for  a  few  minutes  before  the  engine  b 
started;  but  this  may  be  removed  as  soon  as  the  engine  is  in  operation. 
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99  Before  shipment  the  enpne  was  tested  and  developed  a  brake 
torsepower  with  0.474  lb.  of  Solar  fuel  oil  per  hour  when  running  at 
65.11  b.h.p.,  and  0.462  lb.  when  running  at  85.74  b.h.p. 

100  In  order  to  obtain  as  accurate  data  as  possible,  not  only  of  the 
en^e  but  of  the  combined  pumping  plant,  it  was  decided  to  make  a 
Becond  brake  test  at  Fawn  Grove  with  the  engine  doing  practically 
the  same  work  as  when  pumping,  and  to  ascertain  as  accurately  as 
possible  the  ratio  between  the  b.h.p.  and  the  pmnp  h.p. 

101  In  preparation  for  the  test,  a  Government  sealed  platform 
scale,  weighing  to  single  ounces,  was  procured  for  weighing  the  oil. 
The  water  for  cooling  purposes  was  taken  by  gravity  from  a  tank  and 
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allowed  to  waste,  the  amount  used  being  computed  from  measure- 
ments taken.  The  inlet  temperature  was  taken  at  the  tank,  and  the 
temperature  of  the  water  after  passing  the  jackets  by  placing  a  ther- 
mometer in  the  line  near  the  engine. 

102  The  amount  pumped  was  ascertained  by  gaging  the  tank  at 
Fawn  Grove,  and  checked  by  gaging  the  tank  into  which  the  oil  was 
pumped.  The  pressure  was  recorded  by  a  Bristol  recording  gage 
and  also  read  on  a  special  Ashcrof t  gage,  the  latter,  on  the  completion 
of  the  test,  being  taken  to  New  York  and  compared  with  the  standard 
gage  of  the  company,  which  is  graduated  from  a  mercury  column,  sit- 
uated in  the  Standard  Oil  Building,  high  enough  to  give  direct  read- 
ings up  to  875  lb.  per  sq.  in.  The  temperatures  were  taken  with 
standardized  thermometers,  and  the  cards  with  a  Crosby  indicator, 
which  was  returned  to  the  makers  at  the  close  of  the  test  and  found 
to  be  correct. 

103  The  exhaust  gases  were  tested  on  the  ground  by  using  an  Orsat 
apparatus.  Samples  of  the  oil  were  tested  for  calorific  power.  The 
average  as  obtained  by  one  observer  was  19,059  and  this  figure  was 
used  in  working  up  the  tests.  Two  tests  were  made  by  another  ob- 
server and  recorded  18,920  and  19,300  B.t.u.  Prof.  H.  C.  Sherman's 
formula,  B.t.u.  =  18,650  +  40  (Baum6  deg.  -10)^  makes  this  19,570. 
This  formula  is  roughly  applicable  to  all  the  American  crude  oils. 

104  No  analysis  of  the  oil  was  made,  but  for  the  purposes  of  chemi- 
cal calculations,  it  was  assumed  to  be  as  follows: 

Per  cent  by  weight 

Carbon 86 

Hydrogen 12 

Other  material 2 

100 

The  accuracy  of  the  method  used  in  anal3rsing  the  gases  is  not  such  as 
to  warrant  going  to  the  trouble  of  making  an  analysis  of  the  oil. 
By  comparison  with  available  analyses  the  above  is  believed  to  be 
substantially  correct. 

105  In  order  to  attach  the  Prony  brake  to  the  engine,  it  was  neces- 
sary to  remove  the  drag-link  coupling  between  the  engine  and  the 
friction  clutch,  thus  running  an  extra  shaft-bearing  during  the  brake 
test.  The  brake  had  an  arm  5  ft.  4  in.  long  and  an  unbalanced  weight 
of  48  lb. 

lAm.Chem.Soc.,  vol.  30,  October  1908. 
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106  Three  tests  were  made,  the  first,  A,  a  full-load  brake  test; 
the  second,  By  a  pumpmg  test  using  the  engine  under  the  actual  opov 
ating  conditions;  and  the  third,  C,  without  disturbing  any  of  tbe  o^ 
gine  adjustment,  but  simply  substitutmg  the  brake  load  for  the  pimip 
load,  so  that  the  oil  consumption  and  speed  were,  as  nearly  as  possible, 
the  same.  By  comparing  B  and  C  it  was  thought  that  the  friction  of 
the  pump  could  be  more  accurately  ascertained  than  in  any  other  way. 

107  The  duration  of  each  test  was  3  hours,  and  each  hour  checked 
so  closely  that  it  was  considered  unnecessary  to  continue  the  runs  for 
a  longer  period. 

108  The  air  for  spraying  the  oil  was  pumped  by  an  attached  com- 
pressor. There  was  no  auxiliary  machinery  used,  the  cooling  water 
being  delivered  by  gravity. 

109  The  number  of  revolutions  per  hour  was  obtained  by  uang 
an  Ashcroft  counter.  Diuing  test  B  the  counter  was  on  the  pomp 
and  the  revolutions  were  computed  in  the  ratio  of  the  gearing;  during 
tests  A  and  C  the  counter  was  connected  direct  to  the  engine.  The 
resistance  of  the  pump  load,  test  B,  was  so  constant  and  the  regula- 
tion of  the  engine  so  good,  that  the  number  of  counts  recorded  for 
each  hour  was  the  same.  The  fuel  consumed  for  the  first  hour  was 
31  lb.  2  oz.,  the  second,  31  lb.  3  oz.,  and  the  third,  31  lb.  During  the 
brake  test  C  the  number  of  revolutions  per  hour  recorded  was 
respectively  10918,  10916  and  10919.  The  fuel  consumption  for 
the  above  hours  was  31  lb.  6  oz.,  31  lb.  8  oz.,  and  31  lb.  4  oz. 

110  The  following  chemical  computation  was  made  in  connection 
with  test  C,  and  is  based  on  the  analysis  previously  given,  assuming 
that  all  of  the  oil  was  burned. 

Lb.  per  Hr. 

Oxygen  for  hydrogen  combustion 90. 12 

Oxygen  for  carbon 71 .05 

Total  oxygen. 102.07 

Air  used  for  combustion 4ttS 

Excess  air  (165.2  per  cent) 733.2 

Hydrogen  burned 3.766 

Carbon  burned 26.983 

1207.748 

111  For  comparison  with  other  pump  tests  the  duty  per  1,000,000 
l).t.u.  is  given.  This  duty  is,  however,  based  on  the  heat  units  in 
the  oil  and  not  on  the  heat  units  delivered  to  the  engine  in  the  steam, 
as  is  the  customary  duty  of  a  steam  piunping  engine. 
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112  It  may  be  interestmg  to  compare  this  duty  with  that  obtained 
by  Professor  Denton  m  his  test  of  the  Laketon  pumping  enginie,^ 
as  oil  fuel  was  used  during  that  test.  The. fuel  used  at  Lakieton 
contained,  by  Professor  Sherman's  formula,  19,770  B.t.u.  The  evap- 
oration, test  5,  was  16.64  lb.  from  and  at  212  deg.  This  makes  the 
boiler  efficiency  81.3  per  cent.  The  engine  perforfnanoe  was  124,- 
375,  834  ft-lb.  per  1,000,000  b.t.u.,  or  15.985  per  ceirt,  and  the  total 


Fig.  41    Typical  Indicator  Diaqbam,  Tsbt  A 
180  r.p.m.;  80  m.e.p.;  126  i.h.p. 


FiQ.  42    Typical  Indicator  Diagram,  Tests  B  and  C 
182  r.p.m.;  68  m.e.p.;  98  i.h.p. 


efficiency  of  the  plant  was  13  per  cent,  as  against  27.75  per  cent  for 
the  engine  and  25.52  per  cent  for  the  plant  obtained  from  the  present 
tests.  Professor  Carpenter's  test  of  the  North  Point,  E.  P.  AUis 
&  Company  pumping  engine,  if  figured  at  the  same  boiler  efficiency, 
would  give  a  plant  efficiency  of  14.38  per  cent.    The  Standard  Oil 

^  Trans.Am.Soc.M.E.,  vol.  14,  pp.  1340  and  1373. 
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Company  of  Louisiana  have  12  of  this  same  type  of  engine.  Tests 
of  two,  made  at  Flora^  La.,  by  James  Anderson,  Jr.,  show  that  the 
engines  developed  a  pump  horsepower  with  0.545  and  0.5205  lb.  of 
crude  oil  per  hour  respectively. 

113  After  the  engine  at  Fawn  Grove  was  tested,  several  adjust- 
ments were  made  and  resulted  in  the  development  of  a  pump  horse- 
power with  0.48  lb.  of  oil  per  hour. 

114  Fig.  41  shows  a  typical  indicator  diagram  for  test  A;Fig.42, 
a  diagram  for  tests  B  and  C.    The  details  of  the  test  are  as  follow: 

HORSEPOWERS 

Test  number A  B  C 

Date 4/20/11  4/20/11  4/2V/l^ 

Start 9 .00  a.m.  2 .00  p.m.        9  CD  »J»^ 

End 12.00  m.  5.00  p.m.  12  .00 »• 

Duration,  hr 3  3  3 

Average  r.p.m 181.628  182.5  18L  -  ^ 

Averagem.e.p.  of  cardflylb.  persq.in..    86.14  65.6  62^  -^ 

Average  i.h.p.* 123.14  94.2  9^    -36 

Prony  brake  load,  lb 466.00  35»  -^ 

Scale  load,  lb 660.00  441^    ^ 

Average  b.h.p 86.86  64.67 

(computed) 

Pressure  pumped  against  lb.  per  sq.  in 670.00 

Gage  bbl.  pumped  42  gal.  per  bbl 769.14 

Average  gage  bbl.  per  hr 266.38 

Pump  h.p.  by  piston  displacement 60. 143 

Pump  h.p.  by  actual  gage  bbl.  pumped 69.48 

EXHAUST 

Test  number A  B 

Temperature  of  gases,  deg.  fahr 678  483 

Average  Analyses 

CO,,  percent 7.77  5.37  ^^ 

CO,  percent 0  0 

O,  percent 10.17  13.5 

N,  percent 82.06  81.13 

Specific  heat 0.2393  0.2388 

.\mount  of  gases 

By  calculation  of  displacement,  70 

deg.  fahr.  lb.  per  hr 1455  00  1500  00  1491  W 

If  temperature  were  same  as  jacket 

water 1181.00  1220.(» 

From  chemical  test  (Par.  110) 1208.W 


13 

\.2i 

sa 

.32 

o 

.2387 
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JACKET  WATER 

(Capacity  of  tank  39.429  gal.  per  in.  depth) 

Test  number A  C 

Inohes  used  from  tank  18  12tV 

Total  gal.  used 709.7  490.4 

Average  lb.  per  hr 1971.0  1362.0 

Average  lb.  per.  b.h.p-hr ! 22.97  21.05 

Average  inlet  temperature,  deg.  f ahr 68 . 7  71 . 3 

Average  outlet  temperature,  deg.  f  ahr 193 . 3  187 . 8 

HEAT  BALANCES 

Testnumber ABC 

Input,  B.t.u-hr 816,153         692,813         697,976 

Engine  useful  work 

B.t.u-hr 218,614  164,331  164,610 

Percent 26.8  27.76  27.52 

Loss  in  cooling  water 

B.t.u-hr 246,875  168,673 

Percent 30.2  26.6 

Loss  in  exhaust 

B.t.u-hr 119,520 

Percent 20.03 

Loss  in  friction  and  radiation  by  difference 

B.t.u-hr 155,173 

Per  cent 25.95 

B. t.u.  per  hr.  in  cylinder  work 313,391  239,739  240,046 

B.t.u.  per  hr.  in  useful  pump-work  output 

of  station 151,376 

B.t.u.  per  hr.,  input  per  b.h.p 9,491  9,186  9,244 

(oaloulatad) 

B.t.u.  per  hr.  input  per  pump  h.p 9,987 

Duty,  ft-lb.  per  1,000,000  B.t.u 198,664,000 

(based  on  oil  pumped  per  actual  gage) 

EFFICIENCIES 

Test  number A                 B  C 

Engine  efficiency 

Thermal,  per  cent 38.4  40.45  40.2 

Mechanical,  per  cent* 69.71  68.55  68.55 

(assumed  same  as  test  C) 

Total,  per  cent 26.8  27.75  27.52 

Pump 

[2|Volumetric,  per  cent 98.9 

Pump  and  transmission,  per  cent 92 . 1 

*Lh.p.  probably  high  due  to  the  momentum  of  Indleatoi  parts  and  dm  of  penoU.    This 
aeeounta  for  com parati rely  low  mechanical  efficiency  shown  In  a  table  which  follows. 


B 

C 

31.1041 

31.375 

0.331 

0.333 

0.4S2 

0.485 

o.sin 

0.524 

A 

A 

96 

97 

182-186 
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FUEL  CONSUMPTION 

Test  number A 

Lb.  of  fuel  per  hr 42.77 

Lb.  of  fuel  i.h.p.  per  hr 0.347 

Lb.  of  fuel  b.h.p.  per  hr 0.498 

Lb.  of  fuel  pump  h.p.  by  displacement 

Lb.  of  fuel  pump  h.p.  per  hr.  by  gage  bbl 

ENGINE  DATA 

Governor  lift,  in A 

Air  pressure  in  tanks,  lb.,  per  sq.  in 94 

Regulation  full  load  to  no  load,  r.p.m 

Compression,  lb.  per  sq.in 

LUBRICATIONt 

Test  number A  B  C 

Cylinder  oil 

Lb.perhr 0.6876  0.«75 

Lb.  per  100  b.h.p.  per  hr 1.0625  1.445 

Engine  oil 

Lb.  per  hr 1 .78  IW 

Lb.  perhr.  100 b.h.p.  perhr 2.76  ITK 

FUEL   OIL  CHARACTERISTICS 
Illinois  Crude  Oil 

Baurn^  33  deg.  specific  gravity  0.863 

Flashpoint  35  deg.fahr.  burning  point  C>5deg.  fahr 

Heating  value      19,059  B.t.u.  per  lb.  per  test 

19,570  per  Professor  Sherman's  formula 


t  A  copious  supply  of  lubricating  oil  was  used  as  the  engine  wat  o>** 
Much  of  this  oil  could  have  been  filtered  and  used  over  again.  One-third" 
the  amount  used  would  be  the  approximate  need  under  regular  optmM 
conditions  after  the  engine  had  been  run  for  some  time. 
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C.  E.  Sargent.  The  paper  by  Mr.  Setz  is  of  special  interest  be- 
cause it  comes  at  a  time  when  builders  of  prime  movers  are  on  the 
alert  for  something  more  economical  than  the  small  reciprocating 
engine  whether  steam  or  gas.  For  very  large  units  the  steam  turbine 
has  evidently  come  to  stay,  but  the  oil  engine  like  the  gas  engine  is 
nearly  as-  economical  in  a  small  as  in  a  large  imit,  and  for  this  reason 
the  power  user  will  welcome  its  advent. 

The  constant-pressure  oil  engine  (the  term  constant  compression 
is  preferable),  is  superior  to  the  gas  engine  in  having  a  longer  range  of 
economical  load.  In  all  my  tests  of  internal-combustion  engines  I 
have  never  found  as  flat  consumption  curves  as  those  shown  by  con- 
stant-pressure oil  engines,  two  examples  of  which  are  shown  in  Figs. 
43  and  44. 

While  the  thermal  eflSciency  of  oil  enginds  of  the  Diesel  type  is 
but  a  little  higher  than  that  of  our  most  economical  gas  engines, 
yet  on  account  of  the  rising  price  of  coal,  the  producer  losses  and  the 
over-production  of  fuel  oil  from  which  the  gasolene  has  been  taken,  the 
future  of  the  constant-pressure  oil  engine  from  a  conmiercial  stand- 
point is  assured. 

High  compression  can  be  handled  as  successfully  as  low  pressure 
if  the  engine  Is  properly  designed,  and  on  accoimt  of  the  elimination  of 
the  iginition  system,  the  possibilities  of  premature  ignition,  backfiring 
and  improper  timing,  the  fuel  oil  engine  working  on  the  Diesel  cycle 
is  simpler  in  many  respects  than  the  gas  engine. 

While  the  methods  enumerated  and  suggested  by  the  author  for 
atomizing  the  fuel  without  an  auxiliary  compressing  outfit  seem  a  step 
in  the  right  direction  and  may  prove  perfectly  satisfactory  when  fully 
developed,  I  understand  that  the  largest  manufacturers  tried  to 
operate  in  this  way  with  the  assistance  of  Dr.  Diesel,  but  finally  aban- 
doned this  method  and  went  back  to  air  storage  and  an  auxiliary 
compressor. 
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With  this  system  there  is  the  difficulty  of  varying  the  quantity  of 
oil  by  the  governor  which  is  delivered  against  a  pressure  of  75  to 
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atmospheres,  a  hard  mechanical  problem,  but  solved  and  well  p^ 
tected  by  the  leading  builders  of  engines  of  the  Diesel  t>T)e  in  tbf 
United  States. 
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If  the  methods  deecnbed  by  the  author  of  this  paper  are  an  ulti- 
mate success,  then  ti)3  future  constant-pressure  engine  may  be  a 
self-contained  unit,  and  the  independent  compressor,  which  must 
always  run  no  matter  how.  many  engines  in  an  oil-engine  plant  are  in 
operation,  will  be  used  only  for  starting  air. 

A.  J.  Frith.  To  obviate  the  expense  of  the  Diesel  type  of  oil 
engine,  the  principal  object  according  to  Mr.  Setz  is  to  avoid  the 
use  of  an  outside  compressor.  Whether  in  doing  this  any  trouble 
arises  from  poor  combustion  of  the  oil  is  not  known,  but  it  is  an 
interesting  subject  and  one  upon  which  everyone  wishes  more 
information.  For  those  who  have  had  experience  with  the  Diesel 
type  of  oil  engine  the  belief  is  natural  that  the  spraying  of  the  oil  by 
a  higher  outside  pressiu*e  is  necessary  to  obtain  perfect  results,  and 
especially  to  clean  the  surfaces  of  the  oil  valve  of  oil  soot.  It  has  been 
reported  that  where  liquid  fuel  is  mechanically  sprayed  without  this 
excess  of  air  carbon  is  apt  to  deposit  on  the  valve  surfaces.  Mr. 
Setz  refers  to  some  troubles  of  this  kind  in  the  types  of  engines  he 
describes,  but  he  did  not  describe  when  and  where  these  troubles  arise. 
None  of  us  are  too  well  posted  on  the  subject,  and  we  would  like  to 
hear  in  detail  how  Mr.  Setz  has  overcome  the  difficulty  of  delivering 
mechanically  liquid  fuel  at  a  high  temperature  through  a  valve  with- 
out air  pressure. 

His  problem  does  not  seem  to  be  one  that  cannot  be  solved  and  an 
account  of  the  difficulties  inherent  in  this  deposit  of  carbon  and  how 
it  has  been  obviated  will  be  interesting. 

In  cards  of  some  of  these  engines  there  is  a  rise  of  pressure  above 
that  of  compression,  especially  in  Fig.  25,  where  there  are  indications 
of  explosions  at  the  commencement  of  burning.  The  Diesel  experi- 
ence was  that  these  results  followed  the  introduction  of  liquid  fuel 
imperfectly  broken  up  by  the  spray  and  it  was  supposed  to  be  due  to 
a  spheroidal  condition  of  the  oil  as  it  entered  the  red  hot  atmosphere, 
and  to  be  followed  by  explosive  action.  This  indicates  the  trouble  of 
injecting  liquid  fuels  imperfectly  sprayed.  The  view  that  Mr.  Setz 
gives  us,  Fig.  28,  of  an  engine  built  according  to  his  system  looks 
much  simpler  than  many  of  the  well-known  variations  of  the  Diesel 
type  and  also  as  if  it  deserved  success. 

Wm.  Sangster.  Mr.  Towl  refers  to  the  low  mechanical  efficiency 
as  found  by  his  tests.  Is  this  not  due  partly  to  the  power  absorbed 
by  the  air  compressor  which  is  a  necessary  adjunct  to  this  type  of 
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engine?  Gas  or  oil  engines  exclusive  of  those  requiring  air  compio- 
sors  for  fuel  ignition,  show  80  to  85  per  cent  mechanical  effidency, 
which  would  indicate  that  the  use  of  an  air  compressor  on  thisenpne 
accounted  for  an  additional  loss  of  approximately  10  per  cent. 


Louis  K.  DoELLiNG.  The  design  of  the  new  De  La  Vergae 
engine  described  by  Mr.  Setz  was  started  about  five  years  ago  with 
the  intention  of  building  a  reliable  engine  with  low  consumption  and 
as  low  pressure  as  possible.  From  our  experience  with  gas  enginn 
we  knew  that  a  low  fuel  consumption  was  only  possible  when  the  air 
and  fuel  in  the  combustion  chamber  were  thoroughly  mixed  before 
they  were  ignited.  To  attain  this  condition  the  combustion  chamber 
of  the  new  engine  was  made  conenshaped,  with  the  oil  injection  vabe 
at  the  small  end  of  the  cone  and  the  igniter  in  the  form  of  a  hot  bolb 
or  plate  at  the  opposite  end.  The  air  is  compressed  in  this  chambtf  to 
250  lb.  and  the  oil  is  injected  in  finely  divided  form  by  an  air  blast 
having  the  shape  of  the  combustion  chamber.  The  atomized  oil  is  miied 
thoroughly  with  the  charge  of  compressed  air  before  particles  of  it 
can  reach  the  hot  plate,  where  they  are  ignited  and  inflame  the  lAsk 
mixture. 

The  combustion  chamber  is  arranged  transversely  to  the  axis  of 
the  cylinder.  That  has  proved  to  be  especially  advantageous  when 
crude  oil  is  burned.  Crude  oils  contain  up  to  6  per  cent  solid  matter 
in  the  form  of  a  very  fine  powder  that  cannot  be  filtered  out.  In 
the  De  La  Vergne  engine  this  powder  is  deposited  in  the  hot  bulb  and 
leaves  the  engine  through  the  exhaust  valve  without  entering  the 
cylinder,  where  it  would  cause  heavy  wear  on  the  piston  and*  cylinder. 

The  engine  is  started  like  the  gas  engine  by  admitting  compressed 
air  of  100  to  150  lb.  pressure  into  the  cylinder  and  by  relieving  the 
compression  at  the  end  of  the  compression  stroke.  The  stresses  on 
the  crankshaft  when  starting  are  not  higher  than  when  running  at 
full  speed  where  the  maximum  pressures  are  reduced  by  the  inertia 
of  the  masses.  The  possibility  of  breaking  crankshafts  is  thereby 
greatly  reduced. 

The  fact  that  the  engine  can  run  with  very  low  compression  mate 
it  possible  to  keep  it  running  even  with  a  heavily  blowing  piston, 
which  is  of  great  advantage  in  places  where  the  engines  could  not  be 
kept  in  proper  condition  on  account  of  poor  help. 

Chas.  Whiting  Baker.  In  Par.  46  Mr.  Seta  says:  "The  drop  of 
pressure  of  the  injection  air  during  the  injection  period  varies  according 
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to  the  load,  from  250  to  500  lb.;  this,. of  course,  is  accompanied  by  a 
temperature  drop."  I6  it  truie  that  compressed  air  discharged  through 
a  contracted  nozzle  into  a.  closed  chamber,  such  as  the  clearance  space 
of  a  cylinder,  is  lowered  in  temperature  because  of  its  expansion  from 
a  bi^er  to  a  lower  pressure? 

Of  eourse  when  compressed  air  does  work  against  a  moving  piston, 
its  energy  is  absorbed  and  it  is  exhausted  at  the  end  of  the  stroke  at 
much  lower  temperature.  Again,  if  a  nozzle  from  a  compressed- 
air  reservoir  discharges  into  the  open  air,  the  jet  of  air  at  high  velocity 
does  work  on  the  sur^unding  air  and  cools  itself.  When  the  air 
escapes  in  a  closed  chamber,  however,  the  jet  works  on  a  confined 
body  of  air  in  the  cleattmce  space  and  on  the  suirounding  walls  and 
this  work  is  triuisformed  into  heat.  It  is  not  clear  to  me,  therefore, 
that  the  passage  of  a  jet  of  compressed  air  into  a  closed  chamber  is 
necessarily  accompanied  by  a  temperature  drop.  It  is  true  there 
will  be  a  temperature  drop  in  the  clearance  spaqe  when  the  high- 
pressure  air  used  in  sprajdng  enters  that  space;  because  this  air  before 
it  passes  through  the  spraying  nozzle  is  several  hundred  degrees 
cooler  than  the  air  compressed  in  the  clearance  space.  This  alone 
is  suflScient  to  account  for  the  temperature  drop  referred  to. 

L.  B.  Lent.  The  able  manner  in  which  Mr.  Setz  has  pointed  out 
the  difficulties  incident  to  the  manufacture  and  proper  operation  of 
oil  engines  should  be  of  great  assistance,  not  only  to  those  who  have 
recently  commenced  to  build  engines  of  the  Diesel  type,  but  also  to 
the  many  who  are  now  caring  for  oil  engines. 

It  is  to  be  regretted  that  many  of  these  so-called  troubles  have,  in 
the  past,  come  to  light  in  the  purchasers'  engine  rooms  instead  of  on 
the  makers'  test  floor,  for  the  impression  created  is  nearly  always 
lidverse  and  oftentimes  erroneous. 

Oil  engines  hav6  been  developed  abroad  to  a  much  greater  degree 
of  perfection  than  in  this  country  and  also  to  much  larger  sisses.  This 
question  of  size  or,  more  strictly  speaking,  horsepower,  is  a  vital  one 
if  the  oil  engine  is  to  take  its  place  in  central  station  work  or  any  other 
work  where  units  of  large  size  are  demanded.  The  De  La  Vergne 
engine,  type  FH,  dlescribed  in  Mr.  Towl's  paper,  is  bound  to  suffer 
in  this  respect,  although  an  admirable  engine  in  others. 

The  foreign  engines  are  being  built  as  multiple-cylinder  vertical 
units  and  it  is  the  writer's  opinion  that  both  oil  and  gas  engines  will 
have  to  be  built  in  this  type  where  large  powers  are  demanded  and 
floor  space  is  limited.    Moreover,  there  seems  to  be  no  unsurmount- 
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able  obstacle  in  the  way  of  developing  this  type  of  intenud^^ombos- 
tion  engine.  The  vertical  oil  engine  designed  by  Professor  Jimken, 
which  is  soon  to  be  installed  in  one  or  more  ships  of  the  Hamburg- 
American  Line,  is  a  very  promising  design  of  vertical  eng^.  TIub 
engine  operates  on  the  so-called  Diesel  cycle  and  in  type  is  a  vertkil 
Oechelhauser  with  tandem  cylinders.  The  longitudmal  stresBes  in 
this  type  are  carried  almost  entirely  by  steel  forgings  and  are  practi- 
cally balanced.  The  frame,  therefore,  is  subject  to  such  stress  as  is 
due  only  to  the  weights  of  the  cylinders  and  other  stationaiy  parts. 
A  study  of  the  design  of  this  engine  shows  many  features  which  mab 
it  admirably  adapted  to  construction  in  large  powers. 

The  state  of  the  art  of  building  oil  engines  abroad  is  well  illustnted 
by  the  contract  recently  entered  into  between  Franco  Tosi  of  Milan 
and  the  City  of  Rome,  Italy.  According  to  the  contract,  the  Franco 
Tosi  Company  is  to  build  and  equip  an  electric  power  plant  contain- 
ing three  2000-h.p.  and  two  1000-h.p.  Diesel  eng^es  and  to  sell  cur- 
rent for  a  fixed  sum  equivalent  to  $15,600  per  year  for  13  years,  plus 
fVof  a  cent  per  kw-hr.  of  current  delivered.  Penalties  for  intemip* 
tion  are  imposed. 

While  the  oil  engines  of  the  Diesel  type  and  the  FH  De  La  VtiVie 
engine  both  show  excellent  fuel  economy  and  high  thermal  efficiency, 
it  should  be  remembered  that  the  cost  of  a  horsepower-hour  of  work 
depends,  for  one  thing,  on  the  cost  of  fuel.  Crude  petroleum  and  its 
products  of  refining  cost  different  amounts  according  to  geographical 
location,  as  do  the  different  classes  of  coal.  It  may  easily  happen  that 
at  a  particular  place  the  fuel  cost,  using  coal  in  gas  producers  and 
engines,  will  be  considerably  less  than  would  the  fuel  cost  of  oil  in 
oil  engines. 

The  figures  given  in  Mr.  TowFs  paper  and  other  data  from  Diesel 
engine  performances,  indicate  that  a  consumption  of  0.5  lb.  of  oO 
per  b.h.p-hr.  is  a  creditable  performance  except  under  test  conditions, 
and  may  be  fairly  compared  with  a  fuel  consumption  of  1  lb.  of  coal 
per  b.h.p.  in  a  gas  engine  and  producer. 

Under  such  assumptions,  using  the  oU  of  0.863  specific  gravity,  as 
given  m  Mr.  Towl's  paper,  the  equivalent  prices  of  coal  and  oil  when 
fuel  costs  per  b.h.p.  are  the  same  are  pven  in  Table  3.  The  fud 
cost  per  b.h.p.  is  also  given. 
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From  these  figures,  it  is  seen  that  when  oil  costs  as  low  as  2  cents 
per  gal.|  coal  may  cost  $3.10  per  ton  of  2000  lb.,  and  when  oil  costs  4 
cents  pot  gal.,  coal  may  cost  $6.20  per  ton.  The  fuel  costs  per  b.h.p- 
bp.  are  in  these  cases  0.155  and  0.31  cents  per  b.h.p-hr.  respectively. 

A  horisontal  double-acting  tandem  gas  engine  can  be  bought  for 
about  $30  per  b.h.p.  in  sises  above  250  h.p.  and  the  necessary  pro- 
daoer  equipment  can  be  purchased  for  $10  per  h.p.  The  writer  has 
known  of  oil-en^e  prices  of  anywhere  from  $45  to  $70  per  b.h.p., 
80  unless  the  prices  of  oil  engines  decrease,  the  fixed  charges  against 
the  g/sm  engine  and  producer  will  be  less  than  against  the  oil  engine; 
althouf^  the  fixed  charges  against  the  increased  land  and  building 
necessary  for^the  producer  plant  may  offset  it.     The  relative 


TABUI  t   BQmVALBNT  OOffIB  OF  OIL  AND  CX>AL  FOR  SAMB  COST   PER   B.H.P- 


Ooit  of  OH.  Omtt 

P« 

Old. 

BqulTalent  Cost  of  CoaU 
Dol]anp6r2000.  Lb. 

8.10 

FudCott 

per  B.h.p-Hr.,0m1s 

S.0 

0.166 

s.ss 

8.49 

0.174 

S.i 

8.87 

0.104 

S.7f 

4.26 

0.213 

8.0 

4.85 

0.233 

8.SI 

6.08 

0.252 

S.i 

6.4S 

0.271 

8.7i 

6.81 

0.29 

4.0 

0.80 

0.31 

4.Sft 

0.68 

0.33 

4.i 

0.07 

0.349 

4.7f 

7.36 

0.368 

i.O 

7.74 

0.387 

ooet  of  fuel  and  of  other  items  of  power  costs  must  be  weighed  in 
most  every  case,  for  there  certainly  are  limitations  to  the  use  of  the 
oil  engine  just  as  there  are  to  the  use  of  the  gas  engine,  the  steam 
enc^  and  the  steam  turbine. 

The  choice  of  prime  movers  for  any  power  plant  still  requires  the 
same  careful  consideration  by  the  engineer. 


H.  J.  Fbetk.  a  little  study  of  the  oil-engine  situation  which  I 
have  recently  made  shows  that  according  to  the  best  results  published 
in  the  technical  press  the  effective  thermal  efficiency  of  modem  Diesel 
oil  ene^es  is  in  the  neighborhood  of  about  32  to  33  per  cent. 
I^Since  the  Diesel  engine  owes  its  existence  primarily,  in  fact  almost 
ezclusivelyi  to  its  unsurpassed  fuel  economy,  it  is  not  surprising  that 
its  advent  and  development  have  had  a  singular  economic  significance 
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in  Germany  and  France  and  on  the  European  continent  in  genenl. 
where  fuel  is  very  expensive  and  the  standard  of  manufacture  high 
whereas  in  England  and  more  particularly  in  America  where  exod- 
lent  cheap  fuels  abound,  while  skilled  labor  is  scarce  and  dear,  there 
is  manifestly  not  the  same  inducement  for  the  introduction  of  v^ 
costly  although  thermally  highly  economic  machinery!. 

Thermo-economical  considerations  alone  must  be  credited  withilie 
fact  that  the  Diesel  engine  is  an  ideal  marine  engine,  since  irreqwo- 
tive  of  its  cost,  the  quantity  of  fuel  which  can  be  carried  al(»g^ 
vessels  is  limited. 

Crude  oil  and  "slop"  distillates  can  be  purchased  in  this  ooiicriiy 
at  2  to  3  cents  per  gal.  or  0.25  to  0.38  cent  per  lb.  or  more,  accordflq; 
to  locality.  In  France  a  very  high  duty  is  levied  on  all  imported  fiiel 
oils.  It  amounts  to  0.82  cent  per  lb.  or  6  cents  per  gal.,  making  the 
total  cost  of  fuel  oil,  f.o.b.  point  of  consumption,  from  1.36  to 
1.45  cents  per  lb.  or  from  10  cents  to  10.6  cents  per  gal.;  even  tar  oil, 
manufactured  in  France,  will  cost,  f.o.b.  point  of  consumption, 
from  0.682  to  0.820  cent  per  lb.  or  5.5  to  6.5  cents  per  gal.  in  tank 
cars.  In  Germany  the  duty  on  crude  oils  and  derivatiyes  is  0.41 
cent  per  lb.  if  used  for  power  purposes;  it  is  twice  that  amount 
when  used  for  lighting  purposes.  Thus  fuel  oil  (gas  oil)  imported 
from  the  United  States,  Russia  or  Roumania  will  cost  jEiX)m  0.85  to 
1.16  cents  per  lb.,  f.o.b.  place  of  consumption,  corresponding  to  6.6 
to  9  cents  per  gal.  The  price  of  coal  tar  oil  in  Germany  ^ceived  in 
tank  cars  will  vary  from  0.43  to  0.46  cent  per  lb.  or  3.75  to  4  cents  per 
gal.  In  Russia  and  Roumania  fuel  oil  is  materially  cheaper  and  its 
price  ^vill  correspond  approximately  to  the  price  in  the  United  States. 

This  comparison  shows  that  natural  fuel  oils  in  Germany  and  FraSice 
are  from  3  to  4  times  more  expensive  than  in  this  country,  and  ftirtter- 
more  that  even  the  artificially  manufactured  tar  oils  cost  at  least  50 
to  100  per  cent  more  then  natural  oils  in  this  country.  This  will 
explain  without  further  comments  why  the  oil  engine  and  especially 
the  Diesel  engine  has  had  such  a  wonderful  development  abroad. 

In  the  current  literature,  numerous  estimates  can  be  found  showing 
the  difference  in  cost  of  installation  of  such  plants  of  various  capaci- 
ties, particularly  of  less  than  500  h.p.;  in  every  single  instance  the 
different  authorities  reach  the  conclusion  that  the  first  cost  of  an  oil- 
engine installation  does  not  differ  materially  from  tiiat  of  steam  or 
producer  gas  plants,  in  fact  a  number  of  them  figure  that  the  balance 
is  slightly  in  favor  of  the  Diesel  engine,  with  present>-day  European 
Diesel  engine  prices. 
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Conditions  have  not  always  been  so,  but  the  expiration  of  the  basic 
Diesel  patents  and  the  keen  competition  among  European  oil-engine 
manufactiu*ers  have  reduced  engine  prices  very  materially  in  the  last 
year  or  two  as  may  be  gathered  from  the  following  information: 

In  France  a  250-h.p.  Diesel  engine  running  at  180  r.p.m.  sold  in 
1905  for  S18;500  or  $74  per  h.p.  In  1911  the  same  engine  could  be 
purchased  for  $13,000  or  $52  per  h.p.;  a  high-speed  engine  of  the  same 
capacity  running  at  300  r.p.m.  can  today  be  bought  in  France  for 
$9700  or  $36. per  h.p.;  a  400-h.p.  Diesel  engine  running  at  180  r.p.m. 
sold  in  1905  for  $23,000  or  $57.50  per  h.p.,  whereas  in  1911  the  same 
engine  could  be  obtained  for  $18,000  or  $45  per  h.p. ;  the  corresponding 
high-speed  engine  costs  only  $14,000  or  $35  per  h.p.  For  a  Sabath6 
marine  engine  of  36  h.p.  weighing  5500  Jb.,  $4600  or  $100  per  h.p. 
(65  cents  per  lb.)  was  asked  in  France  in  1910.^ 

Under  the  existing  conditions  of  fuel  and  labor  cost  in  the  United 
States,  it  is  questionable  whether  the  oil  engine  in  large  sizes  will  be  a 
serious  competitor  of  the  steam  turbine  on  the  Pacific  coast.  The 
prospects  for  installing  large  Diesel  engines  will  probably  be  much 
better  in  the  East,  especially  after  the  opening  of  the  Panama  Canal, 
when  oil  will  be  available  in  the  Atlantic  coast  states  in  large  quanti- 
ties and  at  a  lower  price  than  today,  since  the  question  of  installing 
large  and  medium  sized  Diesel  engines  in  the  great  power  houses  of 
the  East  to  take  care  of  peak  loads  will  appeal  much  more  than  today 
as  the  same  fuel  oil  will  be  available  for  raising  steam  for  turbo- 
generators and  for  direct  combustion  in  Diesel  engines  without  any 
standby  losses. 

Broadly  speaking  the  outlook  for  the  oil  engine  of  medium  size  in 
this  country  seems  good,  perhaps  not  so  much  in  the  immediate  future 
as  later  on  after  more  knowledge  of  the  advantages  of  the  oil  engine 
is  disseminated  and  its  good  features  are  demonstrated;  but  over- 
enthusiasm  ^ould  be  carefully  guarded  against,  since  as  mentioned 
before,  economic  conditions  in  this  country  are  materially  different 
from  those  abroad,  where  the  oil  engine  seems  to  have  entered  upon  a 
triumphal  career. 

Edwin  D.  Dreyfus.  To  encourage  the  publishing  of  the  best 
performances  that  engines  have  made,  is  I  am  certain,  a  very  good 
suggestion.  At  the  same  time,  however,  it  would  be  well  to  keep  in 
view  also  the  records  ordinarily  made  so  that  we  may  have  a  fair 

^Du  Bousquet,  Mem.  Ing.  Civ.  France. 
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bench  mark  on  which  to  base  our  normal  operation.    It  is  just 
a  matter  that  leads  many  of  ns  to  grievous  mistakes  in  contemidaimg 
results  which  we  afterwards  fail  to  achieve  regularly. 

I  consider  Mr.  Freyn  has  made  some  very  fortunate  remarioB  about 
over-enthusiasm.  Personally,  while  I  am  an  advocate  of  gaspoiiffi 
I  believe  the  internal-combustion  engine  is  limited  in  siro  for  practical 
reasons.  That  any  shop  whether  qualified  or  not  by  past  ezperieiiee 
should  enter  the  oil  engine  field  simply  because  it  appears  attractive 
is  closely  parallel  to  what  the  conditions  of  the  producer  gas  fiddwis 
sometime  ago. 

The  Engineer^  of  London  and  Power  in  this  country  have  sounded 
a  note  of  warning.  And  I  would  like  to  quote  the  following  from  an 
article  on  Diesel  Engine  Difficulties,  published  in  the  former. 

In  our  recent  leading  article  on  the  weak  points  of  marine  oil  enfOMi  vi 
intentionally  confined  ourselves  to  what  we  termed  inherent  and  infaatQi 
weaknesses  of  the  principle.  There  is  another  point  whieh  is  of  great  ]B9<v- 
tance  at  the  present  moment.  It  was  brought  out  strongly  in  Mr.  F.  ShuUir'a 
paper  on  the  Diesel  engine  read  before  the  Institution  of  Mechanical  EngiaaHi 
at  Zurich  and  is  well  worth  emphasizing.  The  great  possibilities  of  tlie  VM 
engine  have  led  to  an  enormous  interest  being  taken  in  the  subject,  not  only  in 
the  Press  but  by  manufacturers,  some  of  whom  have  had  experience  in  boildiBf 
gas  engines,  some  of  whom  have  had  none,  so  that  the  impression  gained  ia  that 
anyone  who  can  make  a  steam  engine,  can  equally  well  draw  out  and  build  a 
Diesel  engine.  It  is  just  here  that  a  note  of  warning  may  be  sounded.  11^ 
"fit''  and  materials  necessary  to  produce  a  good  steam  engine  are  now matteri 
of  common  knowledge,  but  when  it  comes  to  the  construction  of  a  Diesel  eofisSt 
experience  which  alone  gives  the  necessary  knowledge,  is  very  limited,  andtba 
patent  specifications  do  not  provide  more  than  the  smallest  peroentsfe  of 
what  is  required  to  build  an  engine  which  will  satisfactorily  withstand  preann 
four  times  those  which  the  steam  engine  builders  have  been  aceustooad  (o 
deal  with.  The  successful  builders  of  large  powered  engines  today  are  those 
who  have  been  at  work  in  this  direction  for  years,  starting  with  quite  small 
units  and  finding  and  overcoming  fresh  difficulties  with  each  progressiTe  step- 
These  difficulties  must  be  expected  to  occur  equally  in  the  case  of  the  fiist  en- 
gine of  any  power — they  will  be  exaggerated  when  that  power  is  ccHnparatively 
high.  It  cannot  be  too  strongly  urged  upon  manufacturers  that  the  progress  d 
the  adoption  of  the  oil  engine  afloat,  will  only  be  advanced  backwards  by  doabts 
being  raised  in  the  minds  of  the  public,  owing  to  the  want  of  immediate  soeeess 
of  applications,  the  inception  of  which  has  been  heralded  with  the  glare  of  trum* 
pets,  but  based  upon  an  entire  want  of  appreciation  of  the  great  diffieoltios 
involved. 

H.  R.  Setz.  In  regard  to  the  drop  of  temperature  during  the  wj^ 
tion  period,  it  is  true  that  if  there  were  no  resistance  all  the  kin«tic 

^Aug.  4, 1911. 
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energy  acquired  by  the  injection  air  would  be  reconverted  into  heat 
in  the  combustion  chamber.  However,  a  considerable  amount  of 
this  kinetic  energy  ia  spent  in  the  atomizer  disintegrating  the  fuel  into 
minute  particles,  the  amount  varying  according  to  the  method  used 
in  introducing  the  fuel.  The  remainder  of  this  kinetic  energy  serves 
to  carry  the  fuel  spray  into  the  combustion  space  of  the  engine  where 
it  produces  an  intimate  mixtiure  of  fuel  and  air  and  is  eventually  dis- 
sipated and  reconverted  into  heat  by  eddy  currents  and  friction.  In 
view  of  the  fact  that  the  initial  temperatiure  of  the  injection  air  was 
already  considerably  below  that  of  the  air  in  the  engine  at  the  end  of 
the  compression  stroke,  when  injection  takes  place,  it  can  readily 
be  seen  that  the  fuel  spray,  when  it  enters  the  combustion  chamber, 
must  be  quite  cold,  and  what  little  kinetic  energy  remains  for  recon- 
version into  heat  would  never  be  sufficient  to  re-establish  the  tempera- 
ture existing  before  the  cold  fuel  spray  was  introduced.  For  this 
reason  utmost  care  must  be  taken  to  introduce  with  the  very  first 
particles  of  injection  air  particles  of  fuel  which  will  immediately  ignite 
and  produce  a  sufficient  Ijemperatiure  increase  to  outbalance  the  cool- 
ing effect  of  the  following  cold  fuel  spray. 

A  few  remarks  I  wish  to  make  concerning  the  manufacture  of  Diesel 
engines,  for  this,  more  than  anything  else,  determines  its  practical 
success,  in  operation  as  well  as  first  cost.  The  diagrams,  Figs.  33,  36 
and  37,  show  how  the  difference  of  only  a  few  dollars  in  first  cost 
can  change  things  entirely  in  favor  of  or  against  the  Diesel  engine. 
The  problem  to  make  this  engine  one  of  our  accepted  prime  movers 
wiU,  therefore,  primarily,  have  to  be  solved  in  the  shop. 

Not  enough  emphasis  can  be  laid  on  extreme  accuracy  of  work- 
manship; in  order  to  build  accurate  machinery  economically  only 
first-class  tools  can  be  used,  and  this  is  one  of  the  striking  features  of 
all  the  European  shops  where  Diesel  engines  are  being  manufactured. 
The  time  will  imdoubtedly  come  when  gas  engine  and  possibly  steam 
enguie  manufacturers  will  feel  inclined  to  take  up  the  manufacture  of 
Diesel,  or  some  other  form  of  high-pressure  oil  engines,  but  judging 
from  what  I  have  been  able  to  observe,  comparatively  few  have  today 
the  equipment  or  form  of  organization  which  would  enable  them  ever 
to  become  a  factor  in  this  particular  line.  The  standard  of  refine- 
ment of  the  mechanical  processes  employed  is  too  low  in  the  shop 
where  attention  centers  on  quantity  rather  than  on  quality  of  the 
product.  The  usually  inadequate  equipment  and  the  spirit  prevailing 
in  such  shops  are  too  serious  a  hindrance  toward  the  strict  observance 
of  the  close  limits  required  in  Diesel  engine  construction.    During  my 
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recent  experience  in  a  shop  of  this  nature,  work  had  to  be  done  over 
and  over  again  before  the  required  accuracy  was  obtained;  of  couise  at 
a  prohibitive  cost.  Diesel  engines  can  become  a  commercial  success 
only  if  manufactured  under  conditions  where  extreme  accuracy 
can  be  obtained  without  putting  ian  undue  check  on  the  rate  of  pro- 
duction. Unless  a  shop  is  equipped  and  managed  to  meet  this  require- 
ment, disappointment  is  certain  to  follow. 

Forrest  M.  Towl.  Referring  to  the  remarks  of  Mr.  Sangster 
as  to  the  low  mechanical  efficiency  of  the  engine  as  ascertained  by 
the  Fawn  Grove  test,  the  following  is  the.  result  of  computatiims 
made  as  to  the  power  used  by  the  air  compressor: 

Ist  stage 3.00  h.p. 

2d  stage 3.30  h.p. 

Total 6.30  h.p. 

20  per  cent  estimated  friction 1.26 

7.56  h.p. 

I.h.p  of  engine 123.14 

Percentage  used  by  compressor 6.14 

The  above  figures  are  based  on  a  volumetric  efficiency  of  the 
compressor  of  100  per  cent.  If  efficiency  of  compressor  was  fig- 
ured at  80  per  cent,  there  would  only  be  about  5  per  cent  of  the 
power  used  by  the  compressor. 

If  the  compression  work  done  outside  the  main  cylinder  had  been 
(lone  inside  the  cylinder,  the  i.h.p.  would  have  been  smaller  and  the 
proportion  of  the  actual  work  done  to  that  shown  by  the  indicator 
would  have  been  greater. 


No.  1337   ^ 

ESIGN  CONSTANTS  FOR  SMALL  GASOLENE 

ENGINES 

-  n 

WITH  SPECIAL  REFERENCE  TO  AUTOMOBILE  WORK 

•  •     •  •       ' 

Bt  William  D.  Ennis,  Brooklyn,  N.  Y. 
^tember  of  the  Society 

The  following  notations  and  expressions  apply  to  a  single- 
mg  water-cooled  cylinder  in  a  traction  engine  using  gasolene  as  fuel : 
p= absolute  pressure  of  gas  or  mixture,  in  lb.  per  sq.  in. 
y  =  volume  of  gas  or  mixture,  in  cu.  ft. 
r= absolute  temperature  of  gas  or  paixture 
D  =  displacement  of  piston  per  stroke,  in  cu.  ft. 
S= speed  of  piston,  in  ft.  per  min. 
ir  =  ideal  work  done  per  power  stroke,  in  ft-lb. 
rf  =  diameter  of  cylinder,  in  in. 
s  =  stroke  of  piston,  in  in. 
r  =  revolutions  per  minute  made  by  engine 
A^  =  revolutions  per  minute  made  by  wheel  of  car 
w;  =  diameter  of  loaded  car  wheel,  in  in. 
F  =  ideal  tractive  force,  in  lb. 
A  =  head-end  area,  in  sq.  ft. 
n=an  empirical  exponent,  having  a  value  between  1.29  and 

1.38 
Fo  =  velocity  in  ft.  per  sec;  7= velocity  in  miles  per  hour 
m= weight  of  car  (goaded),  in  lb. 
ft = total  resistance  to  propulsion,  in  lb. 
Z=a  factor  by  which  TFmaybe  multiplied  to  obtain  actual 

work  at  the  engine  shaft 
Pm  =  average  continuous  net  effective  pressure  in  the  cylinder, 

lb.  per  sq.  in. 
w  =  ratio  of  rotative  speeds  (r.p.m.)  of  car  wheel  and  piston 
N 
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2    The  preliminary  relations  given  below  at  once  follow: 


.    (Ps  =  22002),     «r  =  6S,     h.p.  (at  tires)  « 


RV 
376.5 


3367  =  Nw,     Vo  =  1.462F     Vj  «  2.15P 


3  Fig.  1  is  taken  as  the  reference  indicator  diagram  for  further 
analysis,  the  lines  23  and  41  being  vertical,  and  the  value  of  n  bong 
the  same  for  expansion  as  for  compression.    We  have 
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Also,  letting  —  =  a 

vi  —  vt  =  D;   vt  =  avi;   Vi(l—a)  =  D;   Vi 
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III 


Ignoring  journal  and  transmission  friction, 
work  at  cylinder = work  at  tires 
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and  since  pm  =  t- -  -  .tt^  •  we  have,  letting -=-  =  c 

4  X  144  D  '  D 

1162i\ru;  "  ~'Nw~~      l92Nw '  ' 

5  If  the  car  moves  at  a  velocity  Vo  as  compared  with  that  of 
the   surrounding  air,  then,  ideally,  the   resistance  due  to  air   is 

B^  =  0.0025  AVt? [41 

6  The  work  done  in  the  reference  diagram  of  Fig.  1,  per  power 
stroke,  is  from  equation  [1] 

cD^W  ft-lb. 

For  a  single-acting  4-cycle  cylinder 

'^'^  66000  "66000 ^  ^ 

Alternatively,  from  equation  [2] 

.      ^    FV   ^  nop  DrpmV 
'^'      375.5        375.5  ATu; 

But  F=  ^,  and  pm=  gyg ;  whence 

,  1100  DrcNw ^    crD  , 

'^'^  576  X 336  X 376.5 JVti;      66000 ^  ' 

_  crdPa        _        ccPS                                 ,  . 

"  145,2()(),00b  -  24,200,000  ^  ' 

7    Now  since: 

Pi  _  Tz 


The  rise  of  pressure  during  combustion  thus  varies  inversely  as  the 
value  of  n  and  inversely  as  Ti.  Since  it  is  the  condition  of  maximum 
work  that  both  (pr-p2)  and  (vi  -  vt)  should  be  maximum,  then  a  low 
value  of  n  is  desirable.  It  also  appears  that  at  maximum  work  con- 
ditions Ti  should  be  a  minimum,  as  should  pi.  We  have  then  the 
following  concurrent  values: 
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4-Cycle  Cylinders 

Type  n       pi      T,      Ti     pi 

Best 1.29    12    3460    600  100.0 

Normal 1.32    12    3460   660    930 

Worst 1.38    14    3460   760    45.0 

Derived  Values 

^P®  7i  T»      Pi       Pi         cl    (asBumed)    d 

Best 0.193      967    368    43.0    12950       0.85      11006 

Normal 0.212    1080    298    38.4      9786       0.80       7830 

Worst 0.429    1049    148    46.2      7960       0.75       5970 

These  values  will  be  used  in  the  subsequent  discussion,  although  an 
adequate  series  of  experimental  values  of  pm  is  to  be  preferred. 


Fig.  2    Diagram  at  High  Speed 


8  If  in  equation  [7]  we  substitute  the  values  c  =  9786, 5=lWK)' 

we  obtain  h.p.=  -^j^,  a  close  confirmation  of  the  — formula  of  tne 

Association  of  Licensed  Automobile  Manufacturers.    This  is  horse- 
power gross,  and  the  power  available  for  propulsion  will  be  redvLced 
to  an  extent  determined  by  the  amount  of  cylinder  loss,  journal  sna 
transmission  friction. 

9  A  rather  limited  group  of  observations  indicates  that  the  eS&!^ 
of  journal  and  transmission  friction  may  be  represented  by  an  equiv- 
alent constant  loss  of  ideal  tractive  force.  For  a  given  car,  nearly 
regardless  of  speed  variations,  the  tractive  force  at  the  wheel  rim  m 
therefore  taken  at  g  lb.  less  than  the  ideal  computed  tractive  forrt* 

10  Since  in  a  given  cylinder  the  horsepower  varies  as/S* 

fSl^(R2  +  g)V2 
/>S'i^     (/t^  +  g)  K, 
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and  since  u  varies  as  -=•  when  the  wheel  diameter  and  stroke  are 
fixed 

W2     Ri+g\S^)      ^^' 

ACCELERATION  CONDITIONS 

11  When  a  car  starts  on  a  straight  level  road,  the  resistances  to 
be  considered  are  (a)  friction,  (6)  head-end  resistance  and  (c)  that 
due  to  acceleration.  In  the  following  analysis,  the  first  will  be  ig- 
nored and  resistance  and  horsepower  will  be  referred  to  the  wheel 
rim  rather  than  the  cylinder. 

12  The  car  starts  under  a  constant  tractive  force,  capable  of 
overcoming  a  constant  resistance,  while  the  motor  is  getting  up  to 
full  power  and  speed,  the  car  meanwhile  accelerating.  As  soon  as 
maximum  power  is  reached,  further  increase  in  velocity  is  possible 
only  as  the  resistance  decreases,  acceleration  becomes  less  rapid,  and  the 
product  of  the  resistance  and  the  velocity  is  constant.  If  we  ignore 
the  question  of  gears,  or  rather,  if  we  assume  a  continuous  variation 
of  gear  ratio  to  be  possible,  this  condition  of  things  will  continue  until 
the  head-end  resistance  alone,  at  the  attained  velocity,  consumes  all 
the  power.  Acceleration  will  then  cease  and  the  car  will  thereafter 
move  at  constant  speed,  resistance  and  horsepower. 

13  During  the  early  part  of  acceleration,  the  head-end  resistance 
is  negligible.  With  any  reasonable  (wheel  rim)  tractive  force,  the 
fraction  thereof  not  available  for  acceleration,  at  velocities  below  5 
miles  per  hour,  may  be  safely  ignored.     Within  this  limit 

Force  =  mass  X  acceleration 

-^r-  =  constant  =  •     

at  m 

where  R  is  the  available  tractive  force. 

14  As  an  illustration,  consider  a  touring  car  weighing  (loaded) 
3300  lb.,  having  an  equivalent  head-end  area  of  26  sq.  ft.  driven 
by  a  4-cylinder  4-cycle  engine,  and  required  to  maintain  a  speed 
of  50  miles  per  hour  in  still  air  on  a  straight  road,  or  of  20  miles  per 
hour  on  a  9  per  cent  grade.  The  rolling  circumference  of  the  loaded 
rear  wheels  is  8.96  ft.,  whence  their  diameter  is  34.1  in.  (nomi- 
nally 34-in.  tires).  The  friction  loss  from  the  cylinders  to  the  tires 
is  taken  at  50  lb.     For  the  particular  car  under  discussion,  let  the 
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12 

gear  ratio  (first)  be  — .  Then  assume  that  the  motor  will  work  with 
constant  tractive  force  up  to  1200  r.p.m.,  when  the  r.p.m.  at  the 
wheel  will  be  -r^r-  =  100,  and  the  feet  per  second 


and 


12 


_34.1X100t^ 
^^ ""  ~"i2"x"60~  "  ^^-^ 


F=!Al83^  10.17 


1.462 


1000 


Velocity,  Ft.  per  Sec.  (  Vo) 
Fig.  3    Head-End  and  Accelerating  Forces 

At  this  speed,  the  motor  will  develop  28.25  ( oTS-ir )  =  21.6  h.p.  at 

\212.5/ 

the  wheels,  and  therefore 

^     375.5X21.6 

Then,  since  dFo  =  1.462  dV 


10.17 


=  802  lb. 


dV  .     ,       32.2X802       -,- 

-r~  =  constant  =  tt-tt^ — t^^^kk  =  o.35 
dt  1.462x3300 

and  for  the  attainment  of  a  velocity  of  5tfmiles  per  hour  the  eli^ 
time  is  -^-^  =  0.94  seconds.    In  the  velocity-resistance  diagram,  Fig. 

O.oO 

3,  we  therefore  draw  the  horizontal  line  cd  from  Fo=0  to  Vo=W-^* 
with  R = 802.  In  the  speed-time  diagram.  Fig.  4,  we  draw  the  straight 
line  Oa  from  7=0,  «  =  0  to  7=5,  <  =  0.94. 
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16  The  point  a  in  Fig.  4  lies  between  c  and  d  in  Fig.  3.  To  deter- 
mine the  speed-time  relation  beyond  a  (Fig.  4)  and  up  to  cf  (Hg.  3), 
we  must  consider  both  head-end  resistance  and  acceleration  resis- 
tance.   The  sum  of  these  remaining  constants 

m   dVo 


i22:=802«0.0026ilV»  + 


32.2  dt 


=  0.0657* +102.3 


dt 


24 


20 


16 


I 


12 


5 


8 


100 


Elapsed  Dlstanoe,  Ft. 
200  900 


400 


10  20  30  40 

Velocity,  Miles  per  Hour  (  V) 

Fig.  4    Acceleration  Curves 


500 


\~v 

m 

/ 

t^ 

<^/ 

/ 
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iTiis  gives,  for  F=5,  «=0.94;  for  F=10,  ^=1.87;  and  for  F=  10.17 
Climit),  i=  1.92.    The  curve  ag  in  Fig.  4  is  plotted  with  these  values. 
16    From  this  point 

m    dFo\  Vo\ 


=  (o.( 


h.p.  =  constant*  =  ( 0.0025  AF«  + 


32.2  dX     hffS 


*  More  strictly,  as  shown  by  equation  [3],  the  horsepower  does  not  increase 
i^uite  as  rapidly  as  the  piston  speed;  but  it  seems  a  fair  simplification  of  the 
;>robiem  to  proceed  in  the  manner  suggested. 

fThe  rate  of  doing  work  when  the  instantaneous  force  is/^s  and  the  instan- 
taneous velocity  is  Vq,  is  the  same  as  that  when  a  constant  force  /^^  moves 
the  car  at  the  constant  velocity  Vo  for  one  second  of  time. 
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If  the  car  moves  in  a  vacuum,  so  that  there  is  no  head-eud  resistance 


h.p.  =  constant  = 


m    dVoVo 


32.2   dt  560 


the  equation  of  a  parabola  having  its  vertex  at  the  origin  and  its 
focus  in  the  time  axis.     In  the  general  case 

RxVo=SL  constant 
R^V  =0.  constant 

equations  of  an  equilateral  hyperbola  referred  to  its  asymptotes, 
the  axes  of  jBj  *^d  ^  ^^  Fo.  This  is  plotted  as  the  curve  adUb,  Fig. 
3,  and  continues  until  the  head-end  resistance  alone  consumes  the 
power,  when 


h  .p.  =  a  constant  = 


0  0025AF»Fo 


550 

which  for  our  conditions  gives 

7=50,  Fo=72.1 
point  €,  Fig.  3. 

17  From  c  through  d  to  e,  Fig.  3,  the  total  resistance  is  the  sum  of 
two  items,  which  may  be  separately  shown.  Thus,  at  any  velocity 
Vo  (  =  1.4627),  the  head-end  resistance  is 

0.0025  Av^=omos  Vo^ 

from  which  we  have 

Velocity,  ft.  per  sec. 10         20       30       40        50         60    70 

Head-end  resistance 3.03    12.1    27.3    48.5    75.9    109  I4S 

These  values  give  the  curve  ohke,  Fig.  3.  Any  ordinate,  like  A/  Id, 
lying  between  this  curve  and  cde^  represents  the  force  available  for 
producing  acceleration,  at  the  given  velocity. 

18  The  first  expression  in  Par.  16  gives 

dt  =       ''''' 


54.2-  0.0U0435V"» 
whence 


/  =  15.32 


1.       /  2500+50]'  +  r2    \     ^  ^^^^     "7 
2'^^^(25()0-I()()]--f]^J-^-^^'^     ( 


-V2r+50^ 

86.5 


±  a  constant 
which  yields 
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Velocity,  imles  per  hour 10.17    11         15         20         30         40 

Elapsed  time  from  starting,  seconds. .  1.92     2. 06     2. 08     4. 78    10. 10    20. 3 

The  curve  is  now  plotted  to  the  right  from  g,  Fig.  4. 

19    To  express  acceleration  in  terms  of  distance  traversed,  a  graph- 

ical  approximation  from  Fig.  4  should  be  sufficient.    Since  dF=  — , 

S,  the  distance  traversed  in  the  time  t  at  the  velocity  V,  is  the  area 
under  the  speed-time  curve  ogy.  As  far  as  the  point  z,  where  7  =  15, 
it  can  be  regarded  as  triangular;  and  the  space,  in  feet,  traversed  from 
starting  is,  at  a 

5X0.94X1.462     ^  ,^ 
2  ^^'^^ 


and  at  z 


15X2.98X1.462      .,„ ,. 
2 =  "^--^ 


From  this  point,  accurate  distances  may  be  determined  by  a  plani- 

meter;  or,  approximately,  from 

F=15  to  F=20,  distance  traversed  =17.5X1.80X1.462  =  46.0  feet, 

elapsed  distance  =  32.6+46.0  =  78.6  feet: 
r=20  to  7=30,   distance   traversed  =  25  X  5.32  X  1.462  =  194  feet, 

elapsed  distance =78.6+ 194  =  272.6  feet. 
These  values  give  curve  B,  Fig.  4. 

20    Considering  the  graph  cde,  Fig.  3:  after  the  point  d  is  passed, 
the  piston  speed  (a  function  of  Vo  at  a  given  gear)  becomes  exces- 
sive.   This  is  corrected  by  throwing  in  a  new  gear.     If  the  car  can 
for  a  short  time  maintain  its  velocity,  the  change  of  gear  will  decrease 
the  r.p.m.  and  h.p.  of  the  motor,  and  the  graph  from  d  will  be  as 
*5hown  by  the  dotted  lines  dmn.    If  the  car  slows  down,  the  action 
is  as  along  dqmn.    The  curve  de  is  then  purely  ideal,  a  sort  of  result- 
ant of  a  series  of  steps  like  dmn  or  dqmn,  and  the  degree  of  approach 
of  the  actual  steps  to  the  ideal  curve  will  be  related  to  the  number 
of  gear  changes.     Under  a  fixed  maximum  piston-speed  limit,  the 
"velocity-resistance  curve  would  consist  of  a  series  of  alternate  constant- 
'velocity  and   constant-resistance  paths,  and  the  speed  time  curve 
>¥Ould  be  made  up  of  a  series  of  alternate  straight  vertical  lines  and 
durves  like  ag.  Fig.  4.    Supernormal  piston  speeds  introduce  still 
further  modifications  of  the  ideal  curve. 
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CONCLUSIONS 

21  a  The  horsepower  developed  at  the  engine  shaft  by  one  dng^ 
actmg  4-cyele  cylinder  at  1000  ft.  piston  speed  may  be 
written 

26000 

where  d  is  the  cylinder  diameter  in  in.  and  C  has  a  value 
between  5970  and  11008. 
6    The  horsepower  developed  at  any  piston  speed  S  may  be 
written 

cdyy 

24,200,000 

tentative  values  for  the  constants  being,  f^l.85,  ea>0.9, 
iS>500. 
c    The  wheel-rim  tractive  force,  in  lb.,  necessary  for  speed  only, 
on  a  level  road,  is 

B.=0.0025  AV* 
A  being  the  transverse  clearance  area  of  the  car,  in  sq. 
ft.,  and  V  its  speed  in  miles  per  hour. 
d    That  necessary  for  a  speed  Fg  on  a  grade  k  is 

fig=0.0025  AV^  +  mk 
m  being  the  weight  of  the  car  in  lb. 
e    The  tractive  force  referred  to  the  engine   shaft   for  a 
wheel-rim  tractive  force  R  is 

R+g 
g  being  probably  about  constant  for  a  given  car. 
/    The  fundamental  equation  of  design  is  then 

_CdPfS'     ^  iR±g)V-  ,  , 

24,200,000  376.5     '  ' 

which  at  1000  ft.  piston  speed  becomes 

^  =  <«+^>^ f^«^ 

g  Equation  [10]  should  be  used  to  determine  d  at  the  condi- 
tion of  maximum  power,  and  the  corresponding  neces- 
sary gear  ratio  is 

336  F 

Nw 

where  N  =  r.p.m.  of  car  wheel  having  a  diameter  of  w  in* 
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h  For  any  other  condition,  independent  assumptions  as  to 
velocity  and  horsepower  are  impossible.  The  engine 
must  have  sufScient  speed  to  develop  the  required  horse- 
power. If  the  wheel  speed  is  also  fixed,  the  gear  ratio 
is  fixed  and  the  limit  of  tractive  force  established.  The 
gear  ratio  for  a  given  car  is  a  fimction  of  both  the  total 
resistance  and  the  piston  speed. 
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ECONOMY  OF  1000-KW.  NATURAL  GAS  ENGINE 

TESTS,  CONSTRUCTION  AND  WORKING  COSTS 

By  Edwin  D.  Dreyfus,  EAsgr  Pittsburgh,  Pa. 

Member  of  the  Society 

and 

V.  J.  HuLTQuiST,*  Schenectady,  N.  Y. 

Non-Member 

A  new  power  unit  just  placed  in  service  at  the  Allegheny  plant  of 
the  American  Locomotive  Company  consists  of  a  1000-kw.  generat- 
ing set  supplied  with  natural  gas.  The  unit  comprises  a  23^  in.  by 
33  in.  Westinghouse  twin-tandem,  double-acting,  4-cylinder  engine, 
direct-connected  to  a  1000-kw.  maximum  rated  direct-current  gener- 
ator, interpolar,  compound-woimd  type  of  standard  make.  The  gas 
for  the  plant  is  obtained  from  a  15-in.  service  main  of  the  Manufac- 
turers' Light  and  Heat  Company,  which  is  fed  by  their  reducing 
station  on  the  Brighton  Road  at  Jacks  Run. 

2  An  equipment  of  this  kind  represents  about  the  simplest  heat 
motor  unit  that  may  be  installed,  and  is  superior  to  the  oil  engine, 
as  it  requires  no  storage  of  fuel.  An  interior  view  of  the  plant  is 
Siven  in  Fig.  1. 

3  A  hydraulic  governing  system  is  employed,  the  relays  reliev- 
ing the  governor  of  heavy  valve  work.  The  cylinders  have  forced- 
feed  lubrication,  and  are  equipped  with  duplicate  magnetic  igniters. 
Three  sources  of  ignition  current  are  provided:  (a)  a  motor  generator, 

ib)  a  battery  and  (c)  a  lighting  supply.  The  engine  is  so  arranged 
t;hat  either  half  can  be  operated  separately  by  removing  the  connect- 
ing rod  of  the  other  side,  which  presents  advantages  in  making  repairs, 
.»nd  by  allowing  economical  operation  when  the  shop  load  is  under 
500  kw.  Gas  is  delivered  to  the  pressure  regulator  through  a  6-in. 
main  at  about  5  lb.  pressure.  Arrangement  is  made  to  adjust  the 
engine  readily  for  producer  gas. 

*  Engineer-in-charge,  American  Locomotive  Company. 

Presented  at  the  Annual  Meeting  1911,  of  The  American  Society  of 
Mechanical  Engineers. 
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4  A  switchboard  of  regular  construction  is  installed,  with  con- 
nection to  the  old  plant  about  500  ft.  distant.  The  station  auxil- 
iaries consist  of  two  oil  filters,  two  motor  generators  for  ignition  cur- 
rent, one  air  storage  tank  with  a  capacity  of  about  275  cu.  ft.  for 
starting.  One  single-stage,  direct-connected  air  compressor  of  14 
ft.  capacity,  is  used  only  for  emergency  at  such  times  as  the  nuun 
plant  system  is  not  working.  Two  Bowser  registering  oil  tanb 
assist  in  keeping  a  record  of  the  oil  consumption. 

5  The  muffler  construction  is  worthy  of  special  note.  Due 
to  the  fact  that  the  plant  is  located  in  a  residential  district  and  within 
10  ft.  of  a  dwelling,  it  became  necessary  to  design  a  mufflerthatwould 
completely  obviate  the  objectionable  noise  of  the  exhaust  It  is  of 
monolith  (reinforced  concrete)  construction,  consisting  of  emn 
compartments,  the  two  larger  of  which  receive  the  exhaust  from  the 
main  headers  and  are  provided  with  relief  valves  for  safety  in  eiaeof 
after  explosions  from  misfiring.    The  gases  travel  in  a  sigsag  pith. 

6  The  engine  house  is  of  steel  and  brick  constructioni  with  an 
engine  room  40  ft.  by  62  ft.,  the  roof  covering  of  reinforoed-eoiiGrefte 
tile  and  the  floor  of  reinforced  concrete.  The  floor  is  so  oanstnieted 
as  not  to  come  into  contact  with  the  engine  foundations,  in  order  to 
eliminate  the  transmission  of  vibration  from  the  engine  to  the  baOd- 
ing  foundation  walls.  The  power  plant  was  designed  and  installed 
under  the  direction  of  Wm.  Dalton,  chief  engineer  of  the  compi&y' 

SPECIFIED  PERFORMANCE 

7  The  specifications  stated  that  the  engine  must  be  capable  of 
delivering  a  normal  load  of  1500  b.h.p.  when  operating  at  150  r.pJQ*, 
with  gas  of  not  less  than  950  effective  B.t.u.,  and  of  developing  W 
per  cent  overload  for  a  period  not  exceeding  2  hours,  and  20  per 
cent  momentarily.    The  following  efficiencies  were  named: 

Full-load,  10,000  effective  B.t.u.  per  b.h.p-hr. 
}-load,  11,200  effective  B.t.u.  per  b.h.p-hr. 
}-load,  13,300  effective  B.t.u.  per  b.h.p-hr. 

About  7  gal.  of  cooling  water  per  b.h.p-hr.  are  required  with  cooling* 
water  supply  at  70  deg.  fahr. 

OBJECT  OF  TEST 

8  When  these  tests  were  undertaken,  they  had  for  their  object 


a 


twofold  purpose;  (a)  to  prove  the  guaranteed  efficiencies,  and  (i) 
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letennine  the  influence  of  varying  conditiona  on  the  performance 
h  a  view  to  acquainting  the  operating  force  with  the  essential  fea- 
es  wliich  affect  both  the  economy  and  safety  of  operation.  It  was 
>  desired  that  the  usual  adjustments  and  conditions  which  would 
maintained  in  the  regular  operation  of  the  engine  be  observed 
tie  the  tests  were  in  progress,  and  all  refinements  of  test  which  would 
tribute  towards  realizii^  the  highest  obtainable  efficiencies  were 
;ntionalIy  neglected. 


Fia.  I     [nteriob  View  or  thb  Plant 

9  These  tests  would,  therefore,  establish  results  which  engi- 
rs  in  charge  of  the  power  house  could  attain  in  ordinary  opera- 
1,  and  be  employed  as  a  criterion  for  their  average  monthly  con- 
iption  in  order  to  ascertain  whether  or  not  the  unit  was  in  good 


0  In  addition  to  determining  the  heat  economy  of  the  engine, 
sngements  were  made  to  obtain  the  following:  (a)  jacket  water 
gumption;  {&)  heat  balance;  (c)  the  cylinder  and  lubricating  oil 
aumption  of  the  engine. 
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CONDITIONS  OP  TEST 

11  As  the  engine  was  readily  isolated  from  the  remaining  power 
equipment,  it  became  a  simple  matter  to  provide  f6r  these  tests.  At 
the  time  they  were  conducted,  the  shop  load  was  below  normal  and 
a  water  rheostat  was  therefore  installed  to  supplement  the  demand 
in  order  to  operate  the  engine  at  its  normal  and  overload  ratings. 
The  rheostat  aGforded  another  advantage  of  regulating  the  load 
placed  on  the  unit,  as  the  cranes  and  motor-driven  shop  tools  had  a 
tendency  to  -create  a  surging  load. 

12  The  gas  consumption  of  the  engine  was  obtained  with  a  Wylie 
proportioned  gas  meter,  which  constituted  a  part  of  the  regular  sta- 
tion equipment.  Calibration  tests  were  made  at  the  plant  with  an 
orifice  prover  and  later  verified  by  the  "  holder  drop"  method.  These 
tests  proved  that  the  meter  ranged  from  15  to  20  per  cent  fast. 
Disk'type  water  meters  (in  duplicate)  likewise  afforded  a  means  for 
obtaining  the  water  consumption. 

13  During  several  tests  trouble  was  experienced,  due  to  the  line 
pressure  at  the  meter  falling  very  low,  and  at  certain  periods  the 
draft  of  the  engine  created  a  suction  in  the  gas  header.  At  such 
times,  some  of  the  cylinders  G^ft-hand  No.  1  particularly)  failed  to 
receive  the  charge  of  mixture,  which  prejudiced  the  economy  as 
the  result  of  the  idle  operation  of  these  cylinders. 

SUMMARY  OP  RESULTS 

14  Capacity.  Unfortimately  no  maximum  capacity  test  in  excess 
of  rating  could  be  conducted,  this  being  prevented  by  the  inadequacy 
of  the  resistance  box  which  was  used,  since  it  was  impossible  to  secure 
adequate  load  as  the  plant  was  not  running  at  full  capacity.  But 
an  average  load  of  1057  kw.  was  thrown  on  the  unit  for  2  hours,  and 
the  condition  of  operation  and  position  of  the  governor  (the  valve 
ports  not  being  entirely  open),  were  such  that  it  seems  apparent  that 
a  greater  load  could  have  been  readily  sustained. 

15  Economy,  Results  of  economies  at  various  loads  are  given  id 
Table  1  and  graphically  shown  in  Fig.  2.  Owing  to  changes  in  po^^ 
demand  in  the  shop,  the  load  could  not  be  regulated  to  correspond 
with  the  guaranteed  points.  By  using  total  heat  quantities  and 
plotting  guaranteed  consumption,  there  is  practically  a  coincidence 
of  the  actual  results  and  the  rated  efficiency  of  the  engine. 

16  Oas.  The  average  heat  value  obtained  during  the  test  was 
1055.3  (24  determinations  with  Junker  calorimeter),  varying  fro^i 
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1020  to  1066  Elective  B.t.u.  (Table  7).  The  specific  gravity  by  effu- 
sion test  was  0.692  (see  Table  9).  This  ranges  very  high  in  heat 
values,  being  about  8}  per  cent  higher  than  the  accepted  average 
for  natural  gas  (975  B.t.u.)  upon  which  basis  the  gas  engine  was 
designed. 
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Fio.  2    Economies  and  Guarantees,  1000-Kw.  Electric  Unit 


17  Combustion.  Combustion  was  regular  when  the  gas  supply 
was  normal,  and  the  indicator  cards  showed  good  burning,  no  back- 
firing or  prematuring  occurring  during  any  of  the  runs.  At  short 
periods  during  some  of  the  runs  the  gas  supply  was  greatly  reduced, 
owing  to  insuEficient  delivery  pressure  at  the  engine^  and  the  cyl- 
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inders  did  not  all  receive  the  proper  charge  of  mixture,  causmg  some 
to  fire  weakly,  or  occasionally  not  to  fire  at  all. 

18  Water.  The  cooling  water  entered  the  engine  at  a  tempera- 
ture of  from  72  to  76  deg.  fahr,  and  left  the  jackets  at  an  average 
temperature  of  about  136  deg.  and  the  pistons  at  an  average  temper- 
ature of  about  156  deg.  The  outlet  water  temperature  could  have 
safely  been  maintained  higher,  probably  with  a  beneficial  infiuence 
on  the  economy  of  the  engine,  but  it  was  desired  to  operate  with 


TABLE  3    LH.P.  AND  MECHANICAL  EFFICIENCY 


1 

Date 

1     Run 

1 
I 

i 

4 

Duration 
Hr. 

R.P.M. 
140.3 

Average 
M.E.P. 

I 

'      77.76    , 

I.H.P. 
1526.5 

Load 
Kw. 

851.0 

B.H.P. 
1220 

MKbst- 
ckocy 

6-14-11 

n 

79.9 

6-14-11 

.J         5 

2H 

160.6 

62.46 

1030.8 

491.0 

715 

08.8 

6-14-11 

■   i         « 

3 

140.3 

1      72.26     1 

1422.1 

716.0 

1028 

7!.2 

6-15-11 

■•1         '^ 

4 

148.3 

88.04 

1712.3 

946.5 

1358 

79.S 

6-16-11 

8 

2 

147.8 

100.0 

1947.8 

1057.0 

1520 

n.i 

6-16-11 

0 

2i 

150.3 

53.75 

1064.6 

497.0 

724 

68.0 

6-16-11 

10 

2\ 

140.1 

71.84     , 

1409.8 

'      728.0 

1045 

74.2 

6-17-11 

lit 

3i 

148.6 

09.26 

972.0 

488.0 

712 

73.3 

6-17-11 

12f 

1 

150.7 

57.77 

560.1 

244  0 

370 

6S0 

6-20-11 

J        131 

n 

152  6 

27  17 

273  0 

Friction 

*  Not  corrected  for  errors  In  spring  scale  and  generator  efficiency,  they  being  indetermliuit«  vii 
estimated  to  amount  to  5  per  cent,  or  5  per  cent  total, 
t  Left-hand  engine  alone  (right-hand  engine  disconnected). 
I  Right-hand  engine  not  firing.    Left-hand  engine  carrying  friction  load. 


extreme  conservatism,  even  during  these  tests,  so  that  the  practice 
established  could  be  followed  by  an  operating  force  of  limited  gas- 
engine  experience. 

19  ITie  water  consumption  varied  fron  6.88  gal.  per  b.h.p-hr. 
at  overloads,  to  12.54  gal.  per  b.h.p-hr.  at  ^-load  (Table  1).  ^^ 
regulation  was  made  on  light  loads  for  operating  reasons,  on  account 
of  a  possible  heavy  increase  in  load  such  as  might  take  place  in  regu- 
lar service. 

20  Oil.  The  quantity  of  oil  (standard  gas-engine  oil  for  bear- 
ings and  "Diamond  A''  for  cylinders)  average  0.68  gal.  per  hr. 
For  the  bearings  the  consumption  was  0.256  gal.  per  hr.  and  for  the 
cylinders  0.424  gal.  per  hr. 

21  Mean  Effective  Press^ire  and  Mechanical  Efficiency.  The  mean 
effective  pressure  was  computed  from  average  cards  selected  through- 
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out  each  run.  The  mechanicfd  efficiency  of  the  engine  thus  obtained 
(about  SO  per  cent  at  full-load)  is  considerably  less  than  the  average. 
This  5  per  cent  discrepancy  may  be  explained  by  errors  in  the  gener- 
ator efficiencies  and  indicator  springs,  the  calibrations  of  which  were 
inadvertoitly  lost.  The  generator  field  temperature  rise  was  95  d^. 
at  full-load. 

22    Regulation.    The  average  speed  of  the  engine  at  full-load  was 
147-S  r.p.m.,  and  at  no-load,  152.6  r.p.m.,  givii^  a  maTimnm  vaiis- 
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tion  of  3.1  per  cent.  Guarantees  were  3  per  cent  plus  and  minus 
mean  speed.  The  regulation  curve,  Fig.  3,  is  practically  a  stnught 
line  and  shows  good  port  design  and  governor  action. 


DEDUCTIONS   FHOH    OBBSRVATIONS 

23  Inasmuch  as  there  are  invariably  modifjong  conditions  which 
influence  the  results  recorded  during  tests  of  this  nature,  it  is  believed 
that  it  is  not  only  warrantable  but  urgent  that  a  fair  interpretatiou 
be  made  of  data  obtained  and  properly  reduced  to  consistent  values. 


948  ECONOBiT  OF  1000-KW.   NATURAL  GAB  BNQIN8 

Hence  the  following  comment  on  the  weight  to  be  given  to  the  vari- 
ous observations,  is  appended,  and  the  typical  perfonnanoe  fine 
(shown  by  the  dot  and  dash  line,  Fig.  2)  is  described. 

24  It  is  to  be  noted  that  this  engine  is  designed  to  be  used  <m 
producer  gas  in  the  event  of  failure  of  natural  gas.  It  is  capaUe 
of  sustaining  its  maximum  load  on  gas  of  heat  value  as  low  as  950 
B.t.u.,  and  the  ports  are,  therefore,  large  enough  to  admit  the  required 
amoimt  of  gas  to  the  combustion  chamber  under  these  oonditioDS. 
When  the  gas  reached  its  maximmn  heat  value,  the  engine  showing 
fell  off  slightly.  This  is  brought  out  in  tests  made  during  the  after- 
noon of  rim  No.  7.  This  was  best  with  the  heat  value  at  1042  B.t.u. 
and  less  favorable  when  the  heat  value  rose  to  1056  B.t.u.  The 
gasometer  was  set  so  that  the  pressure  in  the  supply  pipes  to  the 
engine  ranged  from  J  in.  to  J  in.  Under  these  conditions,  the  engine 
pulled  too  strongly  on  gas  and  the  mixture  was,  therefore,  somewhat 
inefficient. 

25  It  would,  therefore,  prove  more  economical  to  set  both  the 
reducing  valve  and  the  gasometer  so  that  the  pressure  of  the  gas 
delivered  to  the  engine  would  approximate  one  atmosphere.  It  will 
be  observed  from  Test  No.  4  that  when  the  gas  pressure  to  the  engine 
fell  below  atmosphere,  the  guaranteed  economies  were  considerably 
bettered. 

26  This  curiously  happened  accidentally  during  these  tests,  but 
it  could  have  been  provided  for  specially,  as  in  the  Kenova  tests^ 
where  this  same  effect  was  recorded. 

27  After  the  tests  were  computed,  the  gas  butterfly  damper  in 
the  gas  manifolds  were  partly  closed,  and  the  engine  was  observed 
to  keep  up  to  load  and  speed  with  this  partially  reduced  gas  supply- 

28  Aside  from  what  has  already  been  given,  there  is  another 
contributing  factor  which  has  apparently  made  the  test  points 
(referred  to  the  brake  horsepower  output)  higher  than  they  should 
actually  be  as  compared  with  the  guaranteed  performance;  vis.,  the 
question  of  true  efficiency  of  the  generator. 

29  The  brake  horsepower  efficiencies  deduced  in  this  report  9it 
based  upon  the  builder's  rated  efficiencies  of  the  generator,  given  in 
Fig.  4.  Efficiencies  of  generator,  as  ordinarily  specified,  do  not 
include  the  load  losses,  and  the  temperature  rise  was  abnormBl'  in 
actual  operation,  indicating  a  loss  of  energy  from  this  cause. 

30  Therefore,  in  rationalizing  the  various  test  points,  due  cog- 

'  Similar  type  of  natural  gas  engine. 

"  Due  to  too  wide  air  gap.    This  was  afterwards  remedied. 
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)  has  been  taken  of  the  different  factors  and  working  condi- 
tions which  have  already  been  described,  and  the  representative  per- 
formance has  been  derived  as  shown  by  the  dot  and  dash  total  heat 
line  and  economy  curve  in  Fig.  2. 

31  From  the  improvement  shown  by  the  test  points  11  and  12, 
it  ia  to  be  recommended  that  one-half  the  engine  be  operated  when 
low  load  prevuls  regularly. 

32  It  is  evident  that  in  thfefc  tests  the  water  consumption  was 
normal;  however,  water  was  used  freely  on  light  loads. 

33  Oil  Gonsimiption  data  collected  during  the  tests  were  found  to 
agree  fairly  in  amount  of  consumption  with  gas  engines  of  similar 
design,  although  owing  to  the  fact  that  sufiScient  time  had  not  elapsed 
for  the  en^e  to  wear  to  good  bearing,  oil  was  used  liberally  and  may 
presently  be  reduced. 

34  Gas  measurements  were  reduced  to  standard  conditions,  62 
d^.,  30  in.,  by  assuming  a  dry  gas.     If  there  was  a  small  percentage 


1       ^^L         1      ! 

i'mwm 

Fio.  4    Pbobablb  Gekkratob  ErFiciKNcT  Ccrtx 


af  gasolene  vapors  present,  as  is  likely  with  this  rich  gas  in  certiun 
locaJities,  it  may  have  lowered  the  gas  consumption  by  a  small  frac- 
tion, as  noted  in  similar  tests, 

CONSTBDCnON   COSTS 

35  As  is  evident  from  Table  5,  interesting  economies  may  be 
achieved  in  installing  this  type  of  equipment,  the  customary  producer 
QF  equivalent  boiler  expense  being  eliminated. 

36  It  can  hardly  be  said  that  these  data  furnish  typical  installa- 
Hon  costs,  as  many  of  the  items  were  subject  to  local  factors  and  a  part 
of  the  installation  was  made  in  the  coldest  winter  weather.  Never- 
theless, they  serve  aa  a  fair  guide  for  general  purposes,  and  the  varia- 
tions which  m^ht  take  place  would  represent  a  small  percentage,  as 
fixed  charges,  of  total  cost  of  the  unit  power.  The  cost  of  larger 
installations  may  be  reduced  somewhat,  but  that  of  smaller  plants 
will  be  increased  appreciably.  The  figures  make  rather  a  notable 
comparison  with  those  for  modern  steam  stations,  which  for  similar 
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work  would  cost  from  100  to  $130  per  kw.  installed.  Data  of  this 
nature  are  required  in  the  crucial  determination  of  the  most  economi- 
cal source  of  power. 

TABLE  5    CONSTRUCTION  COST  1000-KW.  GAS-ENGINE  INSTALLATION 

Per  kw. 

Land $3.44 

Building  and  Foundations 10.54 

Engine  Accessories  and  Foundations 41 .  25 

Generator  Erected 10.50 

Pipingand  Storage  Tanks 2.38 

Stacks  and  Flues 21 

Muffler 69 

Switchboard 2.71 

Station  Wiring,  Motors  and  Batteries* 6.96 

Engineering 2.50 

Total 180 .  18 

*  Include!  conneotlnt  cable  between  power  statlona. 


COST  OP  PRODUCTION 

37  The  real  measure  of  the  value  of  any  particular  equipment 
lies  in  its  final  cost  of  operation  when  all  accounts  are  taken  into 
consideration.  From  the  preceding  data  and  other  plant  records, 
Table  4  has  been  prepared  to  show  the  complete  cost  to  the  company 
of  generating  power  at  various  loadings  of  the  plant.  A  distinction 
is  made  between  10-hr.  and  22-hr.  power,  as  industrial  plants  vary 
in  the  number  of  working  hours  per  day.  The  use  of  22  hours  may 
not  be  followed  generally,  but  it  is  the  custom  at  this  plant  of  the 
American  Locomotive  Company  to  have  1  hour's  cessation  of  work 
between  each  12-hr.  shift. 

38  On  the  B.t.u.  basis  ,  the  gas  delivered  to  the  engine  at  14  cents 
is  equivalent  in  cost  to  coal  of  12,500  B.t.u.  at  $3.50  per  short  ton. 
Consequently  a  considerable  rise  in  the  price  of  gas  may  be  endured 
without  the  economic  value  of  the  plant  suffering. 

39  It  will  be  noted  that  owing  to  the  purchase  of  city  water  at 
a  rate  of  10  cents  per  1000  gal.,  this  item  amounts  to  approximately 
25  per  cent  of  the  operating  cost.  The  company  is  considering  the 
installation  of  a  pumping  station  for  their  works,  and  it  is  estimated 
that  the  cost  of  water  will  be  reduced  to  about  3  cents  per  1000 
gal.,  resulting  in  lowering  the  operating  cost  about  17J  per  cent. 

40  The  plant  has  not  been  operated  long  enough  to  obtain  posi- 
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tive  data  on  repairs  and  maintenance  and  losses  from  dedine  in 
efficiency.  In  order  that  the  values  given  in  Table  4  may  be  oo&> 
servative,  a  liberal  allowance  has  been  introduced  for  these  factors, 
graded  from  1.1  per  cent  of  the  investment  value  of  the  plant  at  fall- 
load  to  0.8  per  cent  at  half-load,  and  distributed  over  the  entire  year, 
as  determined  in  corresponding  cases.  For  the  slight  change  in 
efficiency  which  may  be  caused  by  leaks,  cutting  in  and  cutting  out 
of  service,  etc.,  3  per  cent  full-load  to  5  per  cent  at  half-load  is  allowei 

41  These  economies  are  evidently  very  good  and  are  much  lower 
than  current  could  be  purchased  at  wholesale  from  large  supply  sta- 
tions. Advantage  of  this  type  of  equipment  can  only  be  taken  in 
or  adjacent  to  the  natural  gas  belts  where  commercial  pipe  lines  are 
laid. 

42  It  is  important  to  note  that  no  standby  losses  are  met  witb  in 
this  type  of  plant,  and  it  may  be  placed  on  the  line  in  less  than } 
hour  after  notice  for  power  is  given. 

TABLE  0    GAS  MEASUREMENTS.  AMERICAN  LOGOMOTIVB  CX)MPANT 

ALLEGHENY.  PA. 


luo 

Duration 
1        Hr. 

l"     "    ' 
2i 

Kw. 

851 

B.H.P. 
1220 

1 

Total  Hourly 

Consumption  ' 

aa  Measured, 

Cu.  Ft.* 

15592 

Barom- 
eter 

28.0    < 

Pres- 
sure 
Gas 
InHiO 

0.07 

TtBmp> 
enture 

Dec. 

Fahr. 

Meter 

Coeffi- 

ctent 

a  Def..w 
In. 

4 

71 

0.815 

IMO 

6 

2H 

491 

715 

10114 

28.9 

0.87 

78 

0.883 

84K 

0 

3 

716 

1028 

13977 

28.0    ! 

0.83 

78 

0.834 

11)00 

7 

4 

948.6 

1358 

17534 

29.0 

0.75 

73 

O.806 

13740 

8 

2 

1057 

1520 

19345 

29.0    ' 

0.66 

72 

0.802 

UMO 

0 

2i 

497 

724 

10692 

29.0 

0.66 

73 

0.855, 

8840 

10 

2i 

728 

1045 

14084 

29.0 

0.66 

74 

0.823 

mio 

11 

3i 

488 

712 

8436 

29.05  , 

0.66 

70 

'   0.885 

7») 

12 

1 

244 

870 

4790 

29.05 

0.66 

70 

i    0.045 

4410 

*  Note:  Determined  by  plotting  all  15  minute  readings,  and  ezamlnlnc  for  errors. 

METHOD  OF  TESTING 

GAS  MEASURBMENTS 

43  For  the  quantity  of  gas  consumed  by  the  engine,  a  6-in.  Wylie  propor- 
tional meter  was  depended  upon,  and  its  actual  readings  c(HTected  in  ftccord* 
ance  with  calibrations  made  in  two  different  ways.  It  is  known,  of  course, 
that  this  type  of  meter  must  be  used  with  every  precaution  in  order  that  tbe 
results  may  prove  reliable.  The  meter  was  located  about  14  ft.  from  the  butter- 
fly damper  and  28  ft.  from  the  branch  pipes  to  each  side  of  the  engine.  Build- 
ing dimension  limits  prevented  installing  the  meter  at  any  greater  distaoce, 
which  is  probably  better  practice,  owing  to  the  fact  that  it  admits  of  cooiidc^ 
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able  receiver  oftpacity  which  wonld  dampen  the  Blight  fluctuating  of  praMure 
in  the  eonneoting  pipes.  What  real  effect  thig  would  hare  on  thr  meter  is  more 
or  leaa  indefinite,  but  it  ie  probable  that  any  rapid  changes  in  flow  would  allow 
the  regulating  valve  to  remain  near  to  its  seat,  causing  great  drop  aoroos  the 
meter,  and  consequentljr  it  would  have  a  tendency  to  register  fast  under  these 
cmtditions. 

44  However,  the  main  pipe,  28  ft.  in  length,  leading  from  the  meter  to  the 
engine,  is  of  large  diameter  (13  in.),  having  been  made  of  ample  capacity  to 
allow  for  operation  on  producer  gaa.  The  storage  capacity  thus  introdueed 
•erved  a  double  purpose  in  dampening  preaaure  fluctuations  and  in  creating  a 
negligible  pressure  loss,  so  that  any  inaccuracies  from  them  causes  are  believed 
to  be  of  no  moment.  In  fact,  the  pressure  immediately  beyond  the  meter  did 
not  vary  perceptibly. 

''_4£  A  tee-connectitm  was  placed  in  the  Uoe  beyond  the  meter  and  an  orifice 
prover  provided,  being  used  as  shown  in  Fig.  6.    Pressures  were  maintained  in 


OntcuProjtr 


Fio.  5  DuoKAH  OF  CoNNKCTiONB  FOB  Frovino  Mbtbr  n  Stakdakd 
Orifices.  Proved  Removed  during  Pboobcss  or  Tksts  ahd  Conmbctiom 
Sbaled  bt  Blank  Flange 


the  proverfor  different  gas  temperatures,  specific  gravity  and  barometric  read- 
ings. The  specific  gravity  was  determined  with  an  effusion  flask,  the  readings 
from  which  averaged  0.692.  The  prover  consists  of  a  cylindrical  vesael,  the 
head  of  which  is  pierced  with  orifices  designed  to  pass  a  known  volume  of  gas 
when  a  definite  pressure  is  maintained  within  it,  this  pressure  depending  upon 
barometric  conditiona,  the  temperature  of  the  gas  and  its  specific  gravity 
{see  Fig.  6).  With  the  exercise  of  ordinary  care,  the  limit  of  error  with  this 
method  should  be  less  than  1  per  cent. 

46  In  checking  the  meter  by  the  holder  drop,  air  is  used  and  it  therefore 
becomes  necessary  to  determine  the  equivalent  correction  coefficient  for  gas 
at  a  given  rate  of  flow  by  dividing  the  air  measurements  by  the  ratio  of  the 
square  of  the  relative  densities  (see  Fig.  10}. 
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47    Barometric  preaaurcs  were  obtained  from  the  Weather  Bureau  at  Pitti- 
burgh,  which  were  uucd  directly  without  correction  for  difference  in  altitudr. 


L  -.-^wpnBfBWSHflmmiBmmmBi* 


IKS     OF  WaTEB  I'nP-riSLHK  ItEQUII 

:i;il  li-ix.  OiiimE.     Is  Measuri 
■lyio  Ckavity   of  Gas 


I)  TO  PASS    1    FT.  OF  AlB  IE" 

;  Uas  Miii.Tiri.v  tub  Tbis- 


this  being  too  Blinht  to  have  any  noticeable  effect,  only  a  snmll  fraction  I'f 
per  cent.     TemperaturpH  were  taken  after  the  gag  passed  the  reducini  »»1" 
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which  gives  the  true  temperature  of  the  gas  as  it  passed  through  the  meter. 
Gas  pressures  were  taken  at  a  point  between  the  reducing  valve  and  the  meter. 
These  readings  were  taken  every  few  minutes  and  then  plotted  so  th&t  Any 
irregularities  could  be  noted. 

48  The  gas  as  measured  was  corrected  to  standard  conditions,  namely  30 
in.  mercury  pressure  and  62  deg.  temperature,  and  a  convenient  reduction  chirt 
is  given  in  Fig.  7. 

49  Corrections  were  made  on  the  basis  of  dry  gas.  This  gas  is  very  rich 
and  carries  with  it  considerable  napthaline  vapors,  the  presence  of  which  would 
have  the  effect  of  making  the  correction  factor  greater,  but  hardly  more  tlun 
1  per  cent.  As  there  were  no  means  of  making  any  determinations  for  condi- 
tions, no  allowance  has  therefore,  been  made.  Observations  of  all  tests  are 
plotted  on  log  sheets  (not  published,  but  available  for  reference),  whieh 
enable  one  to  ascertain  whether  the  observations  varied  consistently,  one 
with  respect  to  the  other. 

CHEMICAL  ANALYSES 

50  Provisions  were  made  to  obtain  average  samples  of  the  gas  during  eteli 
run  with  suitable  retainers.  The  samples,  unfortunately,  became  dilated 
before  satisfactory  analyses  were  made.  According  to  the  heat  value  snd 
specific  gravity,  it  must  closely  approach  the  constituency  determined  for  the 
Kenova,  W.  Va.,  gas,  which  is  considered  of  enough  value  to  be  included  and 
which  is  as  follows: 

CoiiroimoK. 

COMBTITUBlfn  PO  CBT 

Carbon  dioxide,  COt <>•* 

Oxyfen^Oi 0* 

niumlnanta.  i  C«H«.  }  C1H4 ^■' 

Carbon  monoxide.  CO <•  ♦* 

Hydrocen.  Ht *• 

Methane.  CH4 J** 

Ethane.  CiHi W' 

Nitrogen,  N« O.J 

100.0 

Not  heat  value.  B.t.u.  per  cu.  ft. 1040.0  B.U 

Standard  gaa.  average  speolfic  gravity ^ 

51  The  exhaust  gases  were  analyzed,  the  object  being  to  test  for  the  com- 
pleteness of  combustion.  The  CO  content  was  a  very  small  percentage  on  sU 
loads  except  near  rating  and  overloads.  The  higher  CO  on  these  loads  shows 
that  the  gas  butterfly  valves  should  have  been  throttled  for  such  high  value 
gas;  the  engine  drew  gas  too  freely  in  proportion  to  the  air  supply  (Table 8) 

CALORIMETRT 

52  Besides  the  chemical  analyses,  calorimeter  determinations  were  made, 
with  the  results  given  in  Table  7.  A  Junker  calorimeter  in  the  best  of  rep*ir 
was  employed  and  operated  by  a  skilled  observer.  The  instrument  was  located 
in  the  basement  free  from  disturbances  from  draft  or  heat  radiation.   Then 
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was  s  change  of  over  4  per  cent  Tariation  in  heat  value  during  these  taate, 
which  is  possibly  accounted  for  by  the  difTerence  in  napthaline  vapor  content 
in  the  gM.  Readings  n-ere  taken  about  every  IS  minutes  so  that  the  effect  of 
thia  variation  might  be  studied.  This  ooneideration  has  been  taken  up  more 
fullr  in  Par.  24. 


TABLE  7    JUNKER  CALORIHBTER  TEST  OF  NATURAL  OAS  (W.  VA.1 


ELECTRICAL   MBASrREMENTS 

53    The  output  of  the  unit  was  metered  with  a  shunt  type  watt-hour  meter. 
Thia  instrument  was  installed  after  the  three  preliminary  runs  were  made,  as 
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TABLE  8    EXHAUST  GAS  ANALYSES 


Date 

Sample 
Snap 

Time 

Load 
i 

Engine 
Left-hand 

OOi.% 

1 
9.7 

Ofc% 
2.3 

00.% 

•-12 

1.45  p.m. 

0.4 

6-12 

Average 

2.0O-3.0Op.m. 

i 

Left-hand 

8.9 

2.7 

... 

6-12 

Average 

8.16-4.15  p.m. 

i 

Left-hand 

10.0 

2.3 

0.4 

6-12 

Average 

4.15-6.00  p.m. 

! 

Left  hand 

10.1    , 

1 

3.1 

0.1 

6-13 

Snap 

8.00  a.m. 

FuU 

Right-hand 

10.6 

1.2 

0.1 

^13 

Average 

8.00-  0.00  a.m. 

Full 

Right-hand 

10.8 

1.1 

0.2 

6-13 

Average 

9.00-10.00  n.m. 

Full 

Right-hand 

'    11.2 

0.5 

0.1 

6-13 

Average 

10.00-11.00  a.m. 

Full 

Right-hand 

10.7 

0.8 

... 

6-13 

Average 

11.00-12.00  a.m. 

Full 

Rlghtrhand 

!    10.8 

0.6 

0.1 

6-13 

Average 

12.00  m. -1.00  p.m.* 

Full 

Left-hand 

9.8 

2.2 

0.5 

6-13 

Average 

1.00-2.00  p.m. 

Full 

Left-hand 

10.5 

1.7 

0.2 

6-13 

Average 

2.00-3.00  p.m. 

Full 

Left-hand 

9.9 

2.6 

04 

6-13 

Average 

3.10-4.10  p..m. 

FuU 

Right-hand 

10.5 

0.7 

0.4 

6-13 

Average 

4.20-5.00  p.m. 

FuU 

Left-hand 

10.4 

1.8 

0.5 

6-13 

Snap 

5.20  p.m  t 

FuU 

Left-hand 

10.3 

1.8 

OS 

6-14 

Snap 

8.35  a.m. 

Full 

Left-hand 

10.4 

1.7 

0.1 

6-14 

Snap 

0.00  a.m. 

Full 

9.4 

3.2 

... 

6-14 

Average 

O.OO-lO.OOa.m: 

Full 

9.0 

4.0 

0.2 

6-14 

Average 

10.05-11.05  a.m. 

Full 

RlghUhand 

10.2 

1.6 

0.1 

6-14 

Average 

11.20a.m.-12.20p.m.^ 

Full 

Left-hand 

9.1 

3.9 

0.: 

6-14 

Snap 

12.00  m. 

i 

Right-hand 

10.1 

2.7 

0.1 

6-14 

Average 

12.30-1.30  p.m. 

* 

Right-hand 

10.1 

2.7 

•  •  • 

6-14 

Average 

1.35-2.35  p.m. 

i 

Left-hand 

9.7 

2.0 

05 

6-14 

Snap 

2.00  p.m. 

i 

Right-hand 

10.1 

2.1 

0.1 

6-14 

Average 

3.00-4.00  p.m. 

I 

Left-hand 

9.5 

22 

01 

6-14 

Snap 

3.30  p.m. 

I 

4 

Right-hand 

10  7 

15 

... 

6-14 

Average 

4-05-5.05  p.m. 

4 

Right-hand 

1U.4 

2  1 

02 

6-14 

Snap 

5  30  p.m. 

4 

Left-hand 

10  4 

2.1 

01 

•-15 

Snap 

8.00a.m. 

Full 

Right-lmnd 

10.3 

0.8 

0,1 

6  15 

Average 

8.00-9.00  a.m 

Full 

Right-luiud 

10  8 

0.5 

0.1 

6-15 

Average 

9.00-10.00  a.m. 

Full 

Ix'ft-haud 

9.7 

2.2 

04 

6-15 

Average 

10.05-11.05  a.m. 

Full 

Kight-hand 

10.5 

0.4 

0.4 

6-15 

Average 

11  15a.m.-12.15p.m. 

FuU 

Left-hand 

9  4 

1.6 

O.i 

6-15 

Average 

12.30-1.30  p.m 

Full 

Right-hand 

11.0 

0.6 

O.I 

6-15 

Average 

1.30-2.30  p.m. 

FuU 

Left-hand 

9.8 

2.3 

07 

6-15 

Average 

2  35-3.35  p.m. 

FuU 

Right-hand 

10.7 

0.7 

0.4 

6-15 

Average 

3.50-4.50  p.m. 

Full 

Left-hand 

9.8 

1.9 

0..' 

6-16 

Snap 

9.30  a.m. 

10%  overload  . 

Right-hand 

10.5 

0.8 

0.1 

6-16 

Average 

9. 15-10. 15  a.m. 

10%  overload 

Left-hand 

10  0 

l.S 

0.1 

6-16 

Average 

10-25-11.25  a.m. 

10%  overload 

Right-hand 

9.8 

15 

9  8 

6-16 

Average 

11.30-12.30  p.m. 

Varied,  i  and  I 

Left  hand 

6-16 

Average 

1.15-2. 15  p.m. 

i 

I^ft-luiiid 

10.0 

1.7 

0.2 

6-16 

Average 

2. 15-3. 15  p.m. 

i 

Ulght-luiu.l 

10.4 

1.6 

01 

A    1 

6-16 

Average 

3.15-4.45  p.m. 

i 

Lelt-iiaud 

10  1 

2.0 

0  1 

A    4 

6-16 

Snap 

5.30  p.m. 

I 

Right-hand 

10  8 

1  6 

0  I 

6-17 

Average 

9.00-10.00  a.  u 

Full 

Left-hand 

10  U 

1.2 

0.5 

A     1 

6-17 

Average 

10.00-11.00  a.   . 

Full 

Left-hand 

9  9 

22 

04 

*  Gaa  hand  regulating  valves  adjusted. 
t  Ignition  changed  5  deg.  at  5.00  p.m. 
X  Left-hand  engine  not  firing  evenly. 
*^  Load  rwiuoed  one-half  at  12.30. 
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it  was  found  that  the  load  fluctuations  were  too  great  to  enable  averaging  the 
load  with  the  indicating  precision  instruments  with  any  degree  of  definiteness. 
This  instrument  was  placed  far  enough  away  from  the  bus-bars  to  insure  its 
not  being  disturbed  by  stray  currents.  Its  surrounding  temperature  was 
also  observed  and  together  with  the  shunt,  was  calibrated  accordingly.  The 
calibration  tests  of  the  meter  and  the  shunt  resistance  were  made  by  the  West- 
inghouse  Electric  &  Manufacturing  Company.  The  meter  was  found  to  be 
running  about  2|  per  cent  slow.    Accurate  calibration  curves  were  used. 

54  The  extra  load  to  be  made  up  over  and  above  that  from  the  shops  to  carry 
whatever  percentage  of  rating  was  sought,  was  taken  up  with  a  water  rheostat 
especially  built  for  the  tests.  It  consisted  of  two  sheet-iron  plates  immersed 
in  salt  water  and  tied  in  with  the  main  bus-bars  with  heavy  cables.  The  depth 
of  immersion  of  one  of  the  plates  could  be  regulated  from  a  hand-wheel  at  the 
switchboard  where  the  operator  could  observe  the  load  on  the  indicating  instru- 
ments. 

TABLE  9    SPECIFIC  GRAVITY  DETERMINATION  OF  NATURAL    GAS  (W.  VA.)    AT 
AMERICAN  LOCOMOTIVE  COMPANY,  ALLEGHENY.  PA. 


AlB 


Qab 


Datb 


I 


Time  of  Fall       Temperature       Time  of  Fall    ,   Temperature 


SpeolfSc 

Gravity  at  62 

dec.  fi^.,  SO 

In.  mercury 


K-16-11. 10.30  a.m. 
Official  Record 


02  :]9.7 
02  :20.7 
02  :20.0 
02  :19.8 

02    20.0 


5M7-11.  10  a.m.  . 

Supplementary 

Obaervatlons 


2  :  49.3 
3:000 
2  :  54.7 

2  :  49.0 

3  :  73.0 
3  :05.0 

2:56.8 


81 
81 
81 
81 

81 

70 

70 

69.5 

69.5 

69 

70 


01  :57.9 
01  :57  7 
01  :57.4 
01  :  57.6 

01  :  57.6 

2  :  36.8 
2  :  47.5 
2  ■  11.3 
2  :  32.0 
2  :30.7 
2:32.0 

2  :  31.7 


74 
74 
74 
74 

74 

70 
70 
70 
70 
70 
70 

70 


0.692 


0.7S6 


541  &S4 

Method  of  calculation:  Air  -  140  X  —  -  145  Sec.  corrected  to  62  deg.  fahr.;  Gas  «  117.6  X  ---  - 

523  (120.5)«  528 

I  20.5  teoonda  corrected  to  62  deg.  fahr.;  Specific  Gravity  -  .^  —  0.692. 

• 

55  The  Sangamo  meter  was  read  at  regular  intervals  during  each  run  to 
^heck  the  steadiness  of  the  load  maintained  on  the  unit. 

56  The  temperatures  of  the  generator  were  observed,  and  the  rise  was  abnor- 
<nal.  This  has  the  effect  of  lowering  the  efficiency  of  the  generator,  to  what 
clegree,  however,  is  not  definitely  known,  but  no  allowances  were  made. 

WATER 

57  Jacket  and  piston  water  was  measured  by  two  Worthington  disk  meters 
connected  in  parallel  for  runs  Nos.  1  and  2,  but  one  of  them  was  eut  out  foi 
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the  later  teats  These  meters  were  calibrated  at  the  Pittebiirgh  Water  Deptrt* 
ment  and  the  one  used  in  runs  No.  3  to  13,  was  correct,  the  other  registerinit 
about  1}  per  cent  slow. 


LSrr  HAND   ^5/0£ 


Otf£ff  LOAD    fOS.'*'  Aff/» 
%     UOffO        79  7 


RtOHT    H/iA/O  atO£ 


orM09  Aomo   ftm.^'Mem. 
fXflJL   4.omo  /o*-2 


^t/i.i.  cc^o     sr.3 


«*vyr    lomo    ^7*  f^mm 

%     IMH>         70.0 


FiQ.  8.    Typical  Cards  taken  dubing  Tbst 


58  The  temperature  of  the  incoming  water  was  taken  just  after  it  paBM<I 
through  the  meter.  For  the  jacket  temperatures,  individual  angle  thermom- 
eters were  placed  in  the  outlet  for  each  cylinder  and  an  average  taken.  Angle 
thermometers  were  also  placed  in  the  drain  from  the  tail  rods  for  the  tempera- 
ture of  the  piston  cooling  water  for  each  engine. 
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50  Theunount  of  cooling  water  specified,  about  7  galperb.h.p'hr.,  dependi 
upon  an  inlet  temperature  of  70  deg.  For  every  rise  of  6  deg.  above  tbia,  the 
amount  of  water  required  is  increaaed  about  8  per  cent. 

GO  At  light  loada  the  aame  quantities  were  allowed  to  flow  through  tht 
engine,  for  which  reason  the  rate  per  b.h.p-hr.  became  greater.  If  the  water 
had  been  throttled,  the  consumption  of  water  per  unit  output  at  the  light  loadi 
would  have  been  thereby  reduced. 

51  The  average  temperature  of  the  incoming  water  was  from  72  deg.  to  75 
deg.  fahr.,  causing  the  water  consumption  to  be  a  little  higher.  On  the  lighter 
loads  this  is  probably  due  to  a  failure  to  cut  the  water  down  in  proportion  to 
the  load. 


!w^-j . 
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FiQ.  10    Gas  Metxr  Calibratiok  Chrvks 

IKDICATED  HOBSKPOWER 

62  The  engine  was  indicated  primarily  to  discover  if  there  were  any  con- 
ditions in  any  cylinder  that  might  cause  inefficient  combustion.  Practically 
no  adjustments  were  made,  and  the  engine  was  tested  in  the  condition  in  which 
it  was  found.  Cards  were  taken  periodically  to  enable  calculating  the  approxi- 
mate mechanical  efficiency  (Fig.  S  and  Table  3). 

S3  Aa  the  cards  were  used  primarily  to  explore  the  firing  conditions  of  the 
engine,  their  calibrations  were  not  determined  with  any  degree  of  precision. 
In  fact,  they  are  liable  to  be  below  normal  scale,  and  therefore  indicate  too 
high  mean  effective  pressure,  this  deduction  being  derived  from  comparison 
with  atmilar  tests. 


"H    ONE  SIDE   or   ENaiNK   DIBCONNECTED 

04    Teata  were  made  operating  one  side  of  the  engine  by  removing  the  con- 
Baetiou  on  the  opposite  frame,  to  determine  whether  with  long  periods  of  light 
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Q  the  engine  the  fuel  eeonomy  would  be  sufficiently  improndtovw- 
rant  adoptiug  thie  method  in  regular  operfttion.  Teata  11  and  12  wen  tbsi 
made  with  the  left-haud  engine,  showing  an  improvement  of  about  IGpertnt 
at  half-load. 
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a  Coup  STATIONS 


tioQ,  and  to  announce  the  credit  due  the  operating  force,  eogineen  frcm  ^ 
engine  builders'  works  and  students  of  the  Carnegie  Technical  Schooli  ^ 
rendered  valuable  assistance  in  carrying  out  the  preceding  perforaunee  M**- 


DISCUSSION 

W.  D.  Ennis.  I  happen  to  be  able  to  give  a  little  of  the  history  of 
the  engine  in  this  plant,  dating  back  to  about  4  years  before  it  was 
constructed.  About  5  years  ago  the  proposition  submitted  was  that 
the  engine  was  to  be  designed  to  be  used  on  producer  gas  in  the  event 
of  failure  of  natural  gas.  I  notice  in  Par.  38  that  gas  delivered  to  the 
engine  at  14  cents  is  equivalent  in  cost  to  coal  of  12,500  B.t.u.  at 
$3.50  per  short  ton.  At  that  time  the  price  of  coal  was  something 
under  $1.50  so  that  the  advantage  was  entirely  in  favor  not  of  build- 
ing a  gas  engine  to  be  used  later  for  producer  gas,  nor  a  natural  gas 
engine,  but  to  be  used  at  once  for  producer  gas,  which  was  the  cheaper 
fuel  with  the  prevailing  price  of  coal.  The  only  thing  that  kept  us 
from  doing  it  was  that  we  were  not  sure  that  coal  could  be  gasified 
and  thought  we  would  wait  a  few  years  to  see.  Meanwhile  we  con- 
tracted for  the  purchase  of  power  at  a  couple  of  cents  per  kilowatt. 
The  next  step  was  to  put  in  natural  gas  engines. 

E.  S.  McClelland  (written).  I  have  been  particularly  inter- 
ested in  the  value  upon  which,  in  Par.  40,  the  authors  have  determined 
for  repairs  and  maintenance.  A  case  has  just  come  to  my  attention 
in  which  the  record  of  repair  parts  furnished  was  desired.  Two 
single  engines  of  the  same  cylinder  dimensions  as  referred  to  in  the 
paper  were  installed  in  New  York  State  during  the  latter  part  of 
1906,  and  operated  on  producer  gas,  which  contains  foreign  sub- 
stances, such  as  dust  and  grit  not  present  in  natural  gas.  The  total 
billing  for  repairs  for  the  two  engines  for  5  years  amounted  to  some- 
thing under  $2000.  Adding  5  per  cent  to  cover  freight  and  labor 
charges,  the  cost  for  the  5  years  may  be  conservatively  expressed  as 
$3000,  or  an  average  of  $6000  per  annum,  or  $1.66  per  day.  When  it 
is  considered  that  these  engines  are  in  constant  use  throughout  the 
year  in  the  exacting  service  of  central  station  requirements,  allowing 
very  little  time  for  the  really  necessary  adjustments  for  proper  upkeep, 
I  feel  justified  in  stating  that  the  authors  have  not  underestimated  the 
repair  account,  but  on  the  contrary,  have  allowed  themselves  ample 
margin  for  any  possible  contingency.  This  case  is  cited  simply  be- 
cause I  have  investigated  the  actual  facts,  and  have  indisputable 
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evidence  that  plants  of  larger  capacity  have  shown  a  very  much  loim 
repair  cost  under  equally  exacting  service. 

H.  J.  Fbbyn.  In  r^ard  to  the  cost  of  installation  of  gas  powe 
plants,  one  of  the  main  points  at  issue  in  the  existing  rivalry  betveeo 
steam  turbine  and  gas  engine  plants,  it  should  be  pointed  out  that  ■ 
number  of  larger  blast-fumace  gas-electric  power  stations  in  tla 
country,  including  everything  necessary  for  their  operation  wu 
installed  for  less  than  $100  per  kw.,  and  that  with  present  day  expair 
ence  in  the  way  of  building  efficient  gas-cleaning  plants  at  ndaetd 
cost  and  judicious  saving  all  along  the  line,  this  total  cost  could  in  the 
future  be  easily  maintained  and  even  reduced  to  about  195  per  br. 

John  Willis'  (written).  We  have  in  our  power  house  at  Jama 
City,  Pa.,  five  natural  gas  engines  of  practically  the  same  deeiga  n 
those  mentioned  in  this  paper,  all  direct-connected  to  altenutiiif- 
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Fig.  12    Varioub  Grades  Dubing  23-Hr.  Rin 


current  generators,  three  to  400-kw.  generators  turning  180  r.pni. 
and  two  to  625-kw.  generators  turning  150  r.p.m.,  making  2450  k*. 
rated  capacity.  These  operate  on  natural  gas  and  the  plant  is  used 
for  furnishing  power  for  the  manufacture  of  plate  glass.  Our  losdis 
very  unsteady,  running  from  1000  to  2000  kw.  inside  of  5  minul* 
Our  daily  output  is  about  42,000  kw-hr.,  and  our  gas  consumpl'o'' 
'  Secy.,  Amer.  Plate  GlasB  Co.,  Kane,  Pa. 
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is  about  810,000  cu.  ft.  in  24  hours.  For  the  month  of  June  1911, 
which  may  be  taken  as  a  fair  average  of  what  our  power  plant  is  able 
to  accomplish,  we  operated  676  hours,  with  an  output  of  877,500  kw-hr. 
and  the  cost  of  operation,  which  was  figured  very  acciu'ately,  was: 

Per  Kw-Hr. 

Fuel 0.22800 

Labor 0.09800 

Oil  and  grease 0.03000 

Supplies 0.00051 

Water 0.01400 

Repairs 0.00400 

» 
0.37451 

Our  plant  is  located  2000  ft.  above  sea  level,  and  in  explanation  of 
the  fluctuation  of  the  load  Fig.  12  shows  in  detail  the  various  grades 
during  the  23-hour  run. 

We  are  realizing  very  good  economies  and  are  more  than  pleased 
with  the  performance  of  the  engines  and  with  the  satisfactory  results 
obtained  from  the  installation. 

* 

Howell  C.  Cooper^  (written).  To  take  up  only  one  of  many 
interesting  points  brought  out  by  this  test,  is  there  not  some  better 
and  more  accurate  method  of  determining  the  volume  of  fuel  gas 
supplied  to  engines  when  under  test  than  by  the  use  of  the  instru- 
ments and  means  now  generally  employed  by  engineers  for  this 
purpose? 

The  method  described  by  Messrs.  Dreyfus  and  Hultquist  consists 
in  using  one  of  the  standard  makes  of  gas  meters  and  correcting  the 
readings  shown  by  it  after  finding  its  error  by  calibration.  Since  a 
mechanical  meter,  even  though  it  be  tested  and  adjusted  before  being 
placed  in  use  cannot  be  relied  upon  to  give  correct  results,  the  accu- 
racy of  the  final  determinations  depends  therefore  entirely  upon  the 
accuracy  of  the  calibration  tests. 

Calibration  tests  must  therefore  be  made  at  the  time  the  engine 
is  being  tested,  for  the  reason  that  meter  adjustments  and  actions  are 
too  apt  to  change  in  short  periods  of  time,  and  it  is  the  exact  error 
of  the  meter  reading  at  the  time  of  the  engine  test  which  is  being 
sought.  And  further  since  it  is  a  well-known  fact  that  transporting 
a  meter  from  place  to  place  is  apt  to  cause  changes  in  its  adjustment, 
therefore  moving  it  from  its  place  of  use  to  some  other  place  for  cali- 
bration throws  doubt  upon  the  accuracy  of  the  results. 

^  M.  E.y  Hope  Natural  Gas  Co.,  and  Peoples  Natural  Gas  Co.,  Pittsburgh. 
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About  the  only  way  to  calibrate  the  meter  at  the  time  of  the  eii|^ 
teat,  and  without  disturbing  or  moving  it,  ia  by  means  of  an  wifioe 
prover  as  described  in  this  report,  and  this  is  indeed  a  very  (tiffieuh 
instrument  to  use  correctly  and  from  which  to  get  accuratfl  mitti, 
especially  when  operated  in  the  open  tur,  as  ia  necessary  with  gu. 
Many  readings  and  much  time  are  also  required  in  order  to  ofatiio 
reliable  results  and  to  eradicate  errors  introduced  in  the  reading^  ind 
the  changing  conditions  of  back  pressure  due  to  wind,  rain,  or  dnfto. 
It  is  not  always  convenient  or  safe  to  blow  quantities  of  gas  out  is 
confined  spaces  where  the  fuel  meter  may  be  located.    For  all  tbne 


Fia.   13    Standardized  Omricx  held  Bbtwken  Two  FiiAnoes  in  Foii- 
Supply  Link 

reasons  it  seems  to  the  writer  that  some  better  method  and  fonn  of 
measuring  instrument  is  urgently  needed  by  engineers  for  use  in  this 
important  matter  of  gas-engine  testing. 

Two  methods  suggest  themselves  for  coomderation.  One  it  Hk 
electric  meter  which  weighs  the  gas  by  means  of  measuring  the  quan- 
tity of  electrical  energy  required  to  heat  the  gas  a  known  and  con- 
stant amount  and  thereby  to  calculate  the  volume  or  weight  d  p* 
passing  through  the  meter.  Conmiercial  forms  of  these  meten  lu^ 
been  brought  out  and  might  be  modified  to  some  special  form  for  tbe 
special  use  of  gas-engine  testing.    The  other  method  and  tbe  ou 
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which  the  writer  feels  is  preferablei  is  the  use  of  a  standardized  ori- 
fice cut  in  a  thin  plate  and  held  between  two  flanges  placed  directly  in 
the  fuel  supply  line.  fig.  13  shows  an  orifice  arranged  in  such  a  way. 
A  is  the  plate  in  which  the  orifice  0  is  cut;  B  and  B'  are  the  pressure 
holes  by  which  a  water  U-glass  is  connected  across  the  plate  A  for 
measuring  the  differential  pressure  h  which  causes  the  flow  through 
orifice  0.  The  water  or  mercury  column  C,  is  also  connected  to  the 
upHstream  side  of  the  orifice  to  obtain  the  static  pressure  P  above  or 
below  the  barometer. 

The  laws  governing  the  flow  of  gas  through  an  orifice  arranged  as 
shown  in  Fig.  13  are  the  same  as  for  a  pitot  tube,  but  as  it  is  not 
practical  to  construct  pitot  tubes  of  the  small  diameters  which  would 
be  needed  for  measuring  the  volumes  of  gas  used  for  fuel  on  gas  engines, 
it  is  here  proposed  to  use  the  orifice.    In  constructing  this  instru- 
ment it  is  well  to  choose  a  4-in.  diameter  pipe  as  this  permits  the  use 
of  several  sizes  of  orifices.    A  standard  design  of  flange-imion  can 
be  made  so  that  the  pressure  openings  shall  be  a  fixed  distance  from 
the  respective  faces  of  the  orifice  plates.    The  orifice  plates  are  each 
placed  in  this  flange-union,  connected  up  and  a  series  of  readings  of 
different  combinations  of  P  and  h  made.    The  gas  passed  for  each 
reading  is  measured  either  in  a  holder,  by  means  of  another  ori- 
fice already  calibrated,  or  by  an  orifice  prover  under  favorable  con- 
ditions.   In  this  way  a  coefficient  C  is  calculated,  which  is  the  amoimt 
of  gas  Q  which  will  pass  through  the  orifice,  in  some  chosen  period  of 
time,  for  a  value  of  h  equal  to  1  in.  of  water  and  a  value  of  P  equal  to 
1  lb.  absolute  pressure.    Q  is  calculated  to  give  the  quantity  of  gas  in 
some  fixed  condition  of  pressure  temperature  and  specific  gravity. 
Then  for  any  observed  value  of  P  and  h  we  have 


Q  =  CXi/h  (P+  barometer) 

This  quantity  is  corrected  for  temperature  and  specific  gravity  should 
they  be  observed  to  differ  from  those  conditions  on  which  Q  is  based. 
By  calibrating  a  number  of  different  sizes  of  orifices  in  a  standard 
flange-union,  they  may  be  used  in  another  flange-union  which  is 
made  exactly  like  the  standard. 

It  must  be  imderstood  that  an  orifice  placed  in  a  run  of  pipe  in  the 
maimer  shown  cannot  be  used  as  a  measuring  instrument  except  for 
a  limited  range  of  velocity  or  value  of  A,  for  the  velocity  of  approach 
becomes  a  factor  and  the  coefficient  would  have  to  be  modified.  But 
the  writer  has  found  by  experiments  and  many  practical  tests  that 
a  steady  consistent  coefficient  can  be  established  for  orifices  used  in 
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this  manner  for  velocities  up  to  30  in.  of  water  reading  h.  This  is  a 
liberal  range  for  practical  use  as  it  is  easy  to  choose  a  suitable  siie  of 
orifice  to  give  readings  within  this  range. 

The  limits  of  this  discussion  will  not  permit  of  a  mathesiatical 
deduction  of  the  equation,  but  it  is  well  known  from  usewith  iHtot 
tubes.  The  writer  believes  that  those  engineers  who  have  to  mab 
many  gas-engine  tests  would  welcome  a  standard  and  accurate  method 
of  getting  the  fuel  consumption  of  gas  engines,  and  deems  it  a  ma^crf 
sufficient  importance  to  merit  the  attention  of  the  Society  to  the  end 
that  some  standard  method  and  instrument  can  be  devised  and  sup- 
plied to  those  who  wish  them  for  purposes  of  gas-engine  testing  or  any 
similar  use.    Results  thus  obtained  would  be  approved. 

The  Authors.  Professor  Ennis  has  made  note  of  some  interest- 
ing facts  in  regard  to  the  installation  of  this  unit.  It  might  be  stated 
that  this  engine  has  been  arranged  with  suitable  piping  and  conne^ 
tions  so  it  may  be  easily  changed  over  for  producer  gas  operation.  In 
reference  to  the  point  of  the  equivalency  of  the  existing  price  of  gas 
to  13.50  coal,  and  the  fact  that  coal  in  the  Pittsburgh  locality  is  less 
than  $1.50  per  ton,  these  deserve  some  additional  explanation. 

On  the  B.t.u.  basis  alone,  14  cent  gas  (1000  B.t.u.)  represents  the 
same  cost  per  1,000,000  B.t.u.  in  the  fuel  as  would  be  the  case  of  coal 
of  12,500  B.t.u.  per  lb.  at  $3.50  per  ton.  This  comparison  obvioudy 
shows  an  advantage  in  favor  of  the  coal  as  the  cost  to  gasify  has  not 
been  included.  When  fixed  charges  are  also  taken  into  account,  the 
relationship  is  materially  affected,  and  to  illustrate,  Fig.  14  has  been 
prepared.  It  will  be  seen  that  at  100  per  cent  load  factor,  20-cent 
gas  equals  coal  at  $1.50  per  ton,  or  for  50  per  cent  loading,  25-cent 
gas  will  equal  the  $1.50  coal.  The  reasons  for  the  selection  of  this 
type  of  unit  are  hereby  manifest. 

It  has  been  very  gratifying  to  have  had  the  items  of  cost  confirmed 
in  a  large  degree  by  the  experience  of  others.  There  is  one  item  to 
the  table  of  construction  costs  which  might  be  qualified,  and  that  is 
the  engineering  expense.  This  being  a  simple  layout  and,  moreover, 
one  for  an  industrial  plant,  there  was  no  occasion  for  organising  and 
maintaining  a  special  engineering  force,  hence  negligible  cost  of  draw- 
ings and  subdivision  of  supervision  in  other  parts  of  the  plant,  which 
reduces  this  item,  therefore,  to  a  relatively  small  percentage  of  the 
entire  cost. 

Mr.  Cooper  has  taken  up  some  important  f eatiu'es  regarding  meters 
for  testing  purposes.    It  is  plain  his  recommendations  are  of  much 


value  for  this  work.  The  feeling  of  the  necesEdty  for  calibrating  the 
proportional  meter  with  extreme  care,  is  shared  with  Mr,  Cooper, 
and  accordingly  every  precaution  was  observed  on  these  tests  to  satisfy 
any  criticisms  which  would  naturally  si^gest  themselves  when  the 
meter  is  used  in  the  ordinary  way.  It  is  true  that  there  are,  in  many 
cases,  objections  to  placing  the  orifice  prover  out  of  doors,  due  to  the 
disturbing  influence  of  air  currents,  but  in  the  above  instance,  the 
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meter  wiis  protected  not  only  by  the  side  of  the  building,  but  teats 
took  place  during  hot,  sultry  days  when  virtually  no  breeze  was  astir. 
More  extensive  use  of  Mr.  Cooper's  meter  is  to  be  encouraged,  and  it 
is  further  urged  that  it  be  equipped  with  an  accurate  recording  device. 
Theproportionalmetcr.being  immediately  available,  naturally  received 
preference  in  our  tests,  and  being  provided  with  a  register,  was  of 
great  value  in  integrating  the  consumption.  It  was  inspected  and 
tested  in  all  details. 
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THE   DEVELOPMENT   OF  THE  TEXTILE 
INDUSTRIES  OF  THE  UNITED  STATES 

A  GENERAL  STATEMENT  OF  PRESENT  CONDITIONS 
By  Frank  W.  Reynolds,*  Boston,  Mass. 

Non-Member 

The  importance  of  the  textile  industry  in  a  country  which,  like 
the  United  States,  now  manufactures  all  the  woven  fabrics  really 
necessary  for  the  clothing  of  all  its  people,  hardly  needs  to  be  argued. 
Yet  in  the  case  of  our  own  country  progress  in  the  textile  industry 
has  been  so  rapid,  and  its  development  has  had  such  a  vital  relation 
to  other  industries,  that  some  statistical  evidence  of  its  great  place 
may  serve  as  an  inspiration  to  the  men,  mainly  the  mechanical  engi- 
neers, who  are  responsible  for  its  continued  progress  and  increasing 
efficiency.  Owing  to  the  fact  that  the  figures  from  the  census  of 
1910  are  not  yet  available  as  a  complete  survey  of  the  textile  indus- 
tries, it  is  necessary  to  cite  here  the  figures  of  the  census  of  1900; 
but  it  should  be  noted  that  these  figures  do  not  adequately  suggest 
the  great  expansion  in  the  textile  industries  that  has  taken  place 
since  the  enactment  of  the  tariff  law  of  1897.  Some  later  figures 
are  indeed  available,  but  even  with  the  old  figures  it  is  possible  to 
gage  quite  accurately  the  present  position  of  textile  manufacturers. 
The  statistics  which  follow  cover  only  the  cotton,  the  woolen,  and 
the  silk  industries,  in  what  the  census  reports  term  the  "proper" 
sense  of  those  words,  namely,  the  production  of  fabrics  either  ready 
to  wear,  or  ready  for  the  dyeing  and  finishing  processes  which  pre- 
cede the  conversion  of  certain  cloths  into  made-up  clothing. 

^  Member  of  firm,  Lockwood,  Greene  &  Co. 
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TABLE  1  VALUE  OF  DOMESTIC  PRODUCTS,  EXPORTS,  IMPORTS  FOR  CONSUMP- 
TION, AND  TOTAL  CONSUMPTION  OF  TEXTILES.  WITH  PER  CENT  OF 
IMPORTS  TO  TOTAL  CONSUMPTION.  FOR  THE  UNITED  STATES.  IWO 


Value  of  Domestlo 
Products  * 


Exports 


T^      .^.  T        ^    #     '                         Per  Cent  of 

Domestic  Imports  for  m  *  i  /^       ,  ,   .    » 

^  '    ^  Total  Con-  '  ImporU  to 

Consump-  Conaump-                ^.          -,  .  .  « 

*^  '  ■timr\ft/«n        TaIbi   Cor. 


tlon 


tlOD 


Total 1743.447.062; 


sumptloii      Total  Cod* 
lampttott 


125.556.057      $717,891,005  I   182.314.010       S800.106.015  I        10.1 


Cotton     manu-  I  ' 

faoturet 389.200.320;       24.003.087  |     315.197,233;     39.789,969         354.967.222 

Wool    manufao- 


tUTM 296.990.484 

Silk     manufao- 
turas 107.256.258 


1.300.362 


295.690.122        15.620,487         311,310,609 


252.608  i     107,003.650         26.803.534  •     133.807.184 


US 

10 

20.0 


TABLE  2    COTTON  SPINDLES  IN  THE  WORLD  IN  THOUSANDS.  1900 

Great  Britain 46,000 

Continent  of  Europe 33,000 

United  States 19,006 

India 4,400 

Japan 1,500 

China OOO 

Canada 640 

Mexico 


TABLE  3    VALUE  OF  SILK  PRODUCTS  OF  EUROPE  AND  THE 

UNITED  STATES.  1900 

Valuoof  PtfOento< 

Countries                                                                                                  Products  Products 

Total $395,000,000  100.0 

France 122,000,000  30.9 

United  States 92,000,000  23.3 

Germany 73,000,000  18.5 

Switzerland 38,000,000  9^ 

Russia  (in  Europe) 21,000,000  5.3 

Austria 17,000,000  4.3 

Great  Britain 15,000,000  3.8 

Italy 13,000,000  3.3 

Spain  and  Portugal 4,000,000  1^0 
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TABLE  4    COMPARATIVE  SUMMARY.  BY  INDUSTRIES  FOR  THE  UNITED  STATES 


Industries 


Year 


i 


Combined  Textiles        1900  !    4312 


Cotton  manufacture  i 
Cotton  goods !  1000 


Cotton  small  wares 

Wool  manufacture 

Silk  manufacture 

Hosiery  and  knit 

goods 

Flax,  hemp  and  Jute. . 
Dyeing  and  finishing 

textiles 

Combined  textiles 


1000 
1000 
1000 


073 

82 

1414 

483 


1000 

021 

1000 

141 

1000 

298 

1890 

4276 

Capital 


11.042.007.577  661.451 


Waob-Babnkrs 


n 

%  i 


460.842.772  >  297,020 

6.307.385  I  4,032 

310.170.740  ,  159.108 

81.082.201   65.416 


81.860.604 
41.991.762 

60,643.104 
767,705.310 


83,887 
20,903 

29,776 
517.237 


Total  Wages 


Cost  of 

Materials 

Used 


1209.022.447  j   1521.345.200 


85.126.310 

1.563.442 

57,933.817 

20.982,194 

24.358.627 
6.331.741 

12.726.316 
168.488.982 


Value  of 
Products 


1931.494.566 


173.441.390     332.806,156 

3.110.137  I   6.394.164 

181.159.127  I  296.990.484 


62.406.665 

51.071.859 
82.197.886 

17.968.137 


107.256.258 

05.482.566 
47.601.607 

44.963.331 


1447.546.540  ,  759.262.283 


TABLE  5    COMPARATIVE  SUMMARY,  NOT  INCLUDING  FLAX.  HEMP  AND  JUTE. 
WITH  PER  CENT  OF  INCREASE  FOR  THE  UNITED  STATES.  1900 


Number  of  establishments 4,171 

Capital $1,001,005,815 

Wage  earners,  average  number 640,548 

Total  wages 202,690,706 

Cost  of  materials  used 489,147,315 

Value  of  products 883,892,959 


Per  Cent  of 
Increase 

1.4 
35.3 
•  27.7 
23.9 
16.1 
22.4 


2  Even  the  statistics  of  a  decade  ago  are  impressive  evidence  of 
the  enormous  strides  made  by  the  textile  industries  in  this  country 
during  the  last  century.  At  the  beginning  of  the  nineteenth  century 
the  textile  industries  were  represented  by  spinning  mills  for  cotton 
yarn,  by  wool-carding  factories,  and  fulling  mills,  in  which  cloth 
woven  on  hand  looms  in  the  households  of  the  country  was  dressed 
and  prepared  for  sale.  It  was  not  until  1814,  less  than  a  hundred 
years  ago,  that  the  first  broad  power  loom  for  cotton  goods  was  worked 
out  by  Francis  C.  Lowell,  of  Boston,  and  put  in  operation  at  the  new 
plant  at  Waltham.  From  that  time,  progress  was  rapid,  and  in  the 
cotton  industry  particularly,  almost  numberiess  improvements  in 
machinery  were  made  during  the  next  decade.  The  actual  complete 
establishment  of  the  cotton  industry  in  this  country  as  a  factory 
industry  depending  wholly  upon  power-driven  machinery  dates 
from  the  establishment  of  the  Middlesex  Mills  at  Lowell  in  1823. 
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It  was  a  year  or  two  after  this  that  the  first  broad  power  looms  were 
introduced  into  wool  manufacture.  The  history  of  our  teartile  devel- 
opment since  that  time  is  too  intricate  to  be  summarised  in  this 
paper.  It  must  be  sufficient  to  note  that  now  the  United  States  is 
the  second  greatest  producer  in  the  world,  not  only  of  cotton  and 
woolen  cloths  but  of  silk;  while  the  use  of  linen  for  carpet  yams  and 
thread,  and  for  towels  and  towelling  has  reached  large  proportions. 
Besides  the  textile  industries  "proper,"  there  are  also  a  great  multi- 
tude of  small  factories  engaged  in  the  production  of  textile  special- 
ties. 

PRESENT  CONDITIONS  AND    PROBLEMS 

3  The  textile  manufacture,  probably  to  a  greater  extent  than 
any  other  industry  in  the  coimtry,  has  tended  to  a  complexity,  both 
mechanical  and  operating,  that  is  rather  exceptional.  This  has  been 
the  result  of  two  main  factors:  the  peculiar  conditions  im- 
posed by  the  character  of  our  most  used  natural  fiber,  cotton; 
and  the  constant  necessity  for  a  progressive  decrease  in  the 
labor  expense  of  cotton  manufacture.  The  cotton  industry  has 
been  shaped,  as  no  other  industry  has,  by  the  limitations  found 
in  the  raw  material  itself.  The  necessity  for  humid  air  in  cotton 
factories,  both  to  affect  the  physical  condition  of  the  fiber,  and  to 
prevent  the  mischief  caused  by  electricity  in  the  fibers  during 
manufacture,  is  a  requirement  of  great  importance,  and  one  that 
has  not  even  yet  been  satisfactorily  met.  The  character  of  the  cot- 
ton fiber  also,  whether  well  or  ill  moistened,  imposes  certain  limi- 
tations upon  the  speed  of  the  machinery  handling  it.  On  this  side, 
the  speed  at  which  roving  is  now  handled  seems  to  have  reached  the 
practicable  maximum,  and  the  same  thing  is  true  of  looms,  to 
the  spinning  frame,  however,  it  has  been  shown  that  the  cotton  fiber 
will  stand  a  more  rapid  handling  than  it  now  receives. 

4  In  addition  to  these  physical  limitations  of  the  cotton 
fiber  itself,  the  cotton  industry  has  had  to  face  another  rather  pe- 
culiar series  of  problems  in  the  cost  of  labor.  The  automatic 
machinery  of  today  represents  the  constant  efifort  to  cut  down  the 
labor  cost  of  production,  this  labor  cost  bearing  a  rather  higher 
proportion  to  the  total  production  cost  in  the  cotton  industry  than 
in  most  others.  Another  labor  problem  has  arisen  through  the 
changes  that  have  taken  place  in  the  available  labor  supply.  The 
disappearance  of  the  native  American  labor  of  the  middle  of  the  last 
century  has  been  followed  by  a  greatly  varied  succession  of  labor 
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elements,  until  the  industry  in  many  places  depends  upon  a  class  of 
alien  operatives  whose  habits  and  standards  are  not  by  any  means 
perfectly  adapted  to  the  most  profitable  manufacture.  These  latter 
problems,  of  course,  emphasize  the  desirability  of  more  completely 
automatic  machinery,  while  they  also  impose  new  requirements  in 
factory  organization  and  administration. 

5  The  textile  establishments  of  today,  owing  to  the  intricacy 
and  importance  of  conditions,  some  of  which  have  just  been  noted, 
are  making  full  use  of  the  best  engineering  skill  in  the  design,  con- 
struction, arrangement  and  equipment  of  plants.  Many  well  informed 
and  practical  men  whose  work  has  been  wholly  devoted  to  the  tex- 
tile manufacture,  have  studied  with  great  care  the  problems  involved, 
and  have  made  the  solving  of  them  their  whole  aim.  The  result  is 
a  highly  specialized  work,  whose  principles  have  become  well  under- 
stood and  applied  in  all  of  the  structiural  and  mechanical  featiures  of 
the  later  new  plants,  and  in  the  reconstruction  of  the  older  plants. 
Advantage  has  been  taken  of  all  new  forms  of  construction  wherever 
practicable,  improved  machinery  for  manufacturing  and  for  power 
purposes  has  been  installed  to  the  fullest  extent,  and  in  many  instances 
the  initial  trials  of  new  forms  of  mechanical  and  electrical  improve- 
ments have  been  made  in  textile  mills.  We  find  in  these  modern 
plants,  buildings  of  either  slow-burning  construction  or  of  reinforced 
concrete,  equipped  with  the  most  modem  systems  of  power  trans- 
mission, of  fire  protection,  electric  lighting,  humidifying  apparatus, 
and  the  latest  tjrpe  of  manufacturing  machinery  of  both  domestic 
and  foreign  design. 

6  In  spite  of  the  great  accomplishment  already  achieved,  how- 
ever, there  still  remain  unsolved  problems,  and  other  problems  of 
many  kinds  in  which  the  cotton  industry  has  so  far  only  approxi- 
mately reached  a  satisfactory  position.  These  problems  are  in  the 
main  such  as  it  is  the  proper  function  of  the  mechanical  engineer  to 
solve,  and  therefore  today,  as  in  the  early  period  of  the  cotton  indus- 
try, the  mill  calls  upon  the  machine  designer  and  the  machine  shop 
for  better  tools  and  better  methods. 

7  It  is  to  be  borne  in  mind  that  textile  mills  in  common  with 
other  industrial  plants  are  built  for  a  specific  purpose,  which  is  to 
produce  an  income  for  the  owners.  All  engineering  problems  in 
connection  with  them  must  be  subject  to  this  condition.  It  would 
seem  very  impractical,  to  say  the  least,  to  erect  a  building  or  to  pur- 
chase machinery  for  that  building  which  would  be  so  expensive  that 
the  profit  would  be  diminished  because  of  the  interest  on  unneces- 
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sary  expenditure.  The  managers  and  designers  of  textile  plants  of 
all  kinds  must  bear  in  mind  that  the  productive  power  of  machinery 
equipment,  whether  for  the  manufacturing  process,  for  power,  light, 
heat  or  other  departments  must  not  be  so  great  that  a  proper  return 
upon  the  investment  is  not  possible. 

8  It  will  be  found  upon  investigation  that  the  power  plants  of 
textile  mills  are  as  a  rule  especially  economical  and  that  advantage 
has  been  taken  of  nearly  every  labor-saving  device  and  of  the  most 
approved  machinery  which  can  be  obtained.  At  the  same  time 
managers  of  these  plants  have  endeavored  not  to  spend  monej 
which  will  not  show  a  reasonable  return,  and  it  should  be  the  aim  of 
all  engineers  who  approach  the  problems  to  be  solved  in  connection 
with  this  industry,  that  while  the  most  efiBcient  machines  and  pro- 
cesses are  desired,  the  cost  of  the  installations  of  machinery  neces- 
sary to  produce  such  results  must  be  kept  at  a  figure  which  is  not 
prohibitive. 

9  The  arrangement  of  the  buildings  of  the  plant  is  one  of  the 
most  important  features  to  be  considered.  Much  unnecessary  labor 
is  often  expended  because  of  the  poor  arrangement  of  buildings  form- 
ing different  parts  of  a  group,  and  the  equally  poor  arrangement  of 
the  machinery  within  the  buildings.  It  must  be  borne  in  mind  that 
the  least  number  of  motions  and  the  shortest  distances  to  be  traveled 
play  some  of  the  most  important  parts  in  economy  of  production. 
Whether  buildings  should  be  one  or  more  stories  high  or  of  a  greater 
or  less  width  will  be  determined  by  a  consideration  of  these  points. 
A  brief  survey  of  present  conditions  and  needs  may  be  helpful. 

CONSTRUCTION 

10  Nearly  every  engineer  is  familiar  with  what  is  known  as  the 
slow-burning  tjrpe  of  mill  construction.  It  was  first  brought  out  by 
some  of  the  early  designers  of  cotton  mills,  and  has  since  been  used  in 
some  form  or  other  in  nearly  every  other  type  of  industrial  plant. 
For  many  years  this  form  of  construction,  with  slight  variations,  has 
been  successfully  used  and  has  been  regarded  as  sufiicient  for  the 
needs  of  the  industry.  It  has  developed  however,  that  a  better  fonn 
of  construction  is  available  and  to  this  form  of  construction  atten- 
tion is  called  in  this  paper. 

11  A  rigid,  non-vibrating  mill  building  is  one  of  the  immediately 
desirable  things.  The  slow-burning  mill  construction  has  great 
virtues,  but  rigidity  is  not  one  of  its  possessions.     Rigidity  has  been 
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found  to  produce  marked  economies  in  the  maintenance  of  textile 
machinery,  as  well  as  machinery  of  many  other  types,  and  for  this 
reason  alone  the  modem  type  of  reinforced  concrete  construction 
has  proved  itself  highly  desirable.  The  friction  between  concrete 
floors  and  machine  bases  is  so  great  that  with  much  fewer  bolts  than 
are  required  on  a  wooden  floor,  machinery  can  be  so  securely  anchored 
that  it  will  not  walk  out  of  its  proper  position.  In  consequence, 
shafting  and  machines  keep  in  better  alignment,  there  is  less  wear 
and  tear  on  the  machines  themselves,  and  the  cost  and  bother  of 
repair  are  greatly  diminished.  Simple  and  effective  ways  of  attaching 
shafting  and  motors  to  concrete  beams  have  been  devised,  so  that 
from  the  point  of  view  of  machinery  installation  and  maintenance 
the  rigid-frame  mill  building  of  reinforced  concrete  has  proved  itself 
superior  to  any  other  type.  The  cost  of  reinforced  concrete  is  some- 
what greater  than  that  of  mill  construction,  as  a  general  thing;  but 
there  often  exist  in  some  localities  special  conditions  in  which  con- 
crete is  as  cheap  or  cheaper  than  mill  construction.  Against  its  usu- 
ally higher  cost  there  may  properly  be  set  its  indestructibility  by  fire. 
The  concrete  building  not  only  does  not  bum,  but  if  properly  built, 
it  is  so  little  harmed  even  by  a  serious  fire  that  it  can  be  equipped 
with  new  machinery  and  put  in  operation  again  in  a  very  small  part 
of  the  time  needed  to  replace  a  damaged  mill-construction  building. 
There  is  a  species  of  fire  loss,  the  interruption  of  production,  for  which 
insurance  is  often  an  inadequate  compensation;  the  concrete  mill 
building  practically  eliminates  this  loss. 

12  Another  valuable  advantage  of  the  concrete  mill  building  is 
that  it  allows  a  much  greater  window  space  than  is  possible  with 
anjrthing  else  but  steel  constmction,  which  latter,  if  effectively  fire- 
proofed,  is  much  more  costly  than  concrete.  A  concrete  building 
can  have  as  much  as  80  per  cent  of  its  outer  wall  area  devoted  to 
lighting,  as  against  a  maximum  of  about  50  per  cent  in  mill  construc- 
tion. Existing  provisions  for  the  escape  of  operatives  in  case  of  fire 
in  cotton  mills  are  on  the  whole  exceedingly  inadequate.  Most  mills 
are  equipped,  in  addition  to  stairways  with  the  familiar  type  of  out- 
side fire  escape  consisting  of  galleries  or  balconies  for  each  story,  with 
ladders  from  the  top  of  the  series  to  the  ground.  The  actual  oper- 
ation of  this  type  of  escape  is  that  the  population  of  a  big  workroom 
is,  in  case  of  fire,  crowded  upon  a  series  of  outside  balconies  from 
which  movement  to  the  ground  is  excessively  slow  under  the  best 
of  conditions;  and  in  case  of  a  fire  panic,  is  but  little  less  dangerous 
than  the  fire  within  the  wall.    If  a  fire  occurs  in  a  lower  floor  of 
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the  mill,  it  breaks  from  the  windows  of  that  level  and  the  ascending 
smoke  and  flames  instantly  render  useless  the  whole  tier  of  fire-escape 
balconies  above.  It  would  seem  that  nothing  more  faulty  in  prin- 
ciple, or  imperfect  in  execution,  could  well  be  imagined,  and  it  is  a 
fair  cause  for  astonishment  that  these  contrivances  should  for  many 
years  have  been  accepted  by  engineers. 

13  The  proper  and  only  adequate  device  in  the  way  of  a  fire 
escape  is  the  isolated  staircase  tower.  It  is  doubtful  if  the  building 
of  such  towers  in  adequate  number  would  at  all  seriously  increase 
the  construction  cost  of  cotton  factories.  It  is  evident  that  only  the 
isolated  stair  tower  can  be  a  real  fire  escape,  and  it  would  seem  to  be 
equally  evident  that  this  type  of  safeguard  should  be  provided  for 
in  every  new  mill,  and  that  every  effort  should  be  made  to  provide 
for  it  in  existing  buildings.  It  may  be  objected  that  disastrous  fires 
in  textile  mills  are  comparatively  rare,  and  this  is  indeed  true.  This 
objection,  however,  is  beside  the  point.  Mills  several  stories  hi^ 
cannot  be  built  utterly  without  fire  escapes,  and  if  the  necessity  of 
some  form  of  fire  escape  is  once  admitted  the  argument  for  putting 
in  a  really  eflSicient  device  is  a  strong  one. 

POWER 

14  The  changing  conditions  of  power  production  and  transmis- 
sion have  from  the  earliest  days  of  the  cotton  industry  had  the  most 
potent  influence  in  shaping  the  material  and  conduct  of  the  whole 
industry.  The  first  effect  was  in  forcing  the  location  and  even  the 
shape  of  mill  buildings  to  a  large  extent  to  suit  the  possibilities  of 
the  land  lying  in  immediate  contact  with  water  privileges.  As  a 
result  of  building  the  old  mills  as  close  as  possible  to  the  water- 
wheel  which  gave  them  power,  mills  were  made  high  and  narrow  and 
often  built  on  curves  which  not  a  little  embarrassed  the  mechanical 
transmission  of  power;  and  groups  of  buildings  were  strung  out  in 
a  long  line,  or  arranged  in  other  peculiar  groupings  which  the  prac- 
tice of  today  recognizes  as  unsuitable  for  effective  power  transmis- 
sion, or  for  the  careful  arrangement  of  the  sequence  of  processes,  so 
important  in  the  economy  of  the  modem  textile  mill. 

15  Aside  from  these  direct  effects  on  the  type  of  textile  mill 
construction,  the  power  element  has  had  other  large  effects  which  it 
is  perhaps  not  easy  to  separate  under  distinct  headings,  though  the 
results  form  together  a  series  of  complications  which  are  familiar 
to  every  mill  man.    The  changing  conditions  of  power  transmission 
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have  had  much  to  do  iivith  the  grouping  of  machines  of  the  same  type 
within  the  mill,  and  even  the  machinery  layout  of  the  whole  plant. 
The  earlier  systems  also  had  much  to  do  with  accidents  to  operatives. 

16  The  modem  use  of  electrical  drive,  either  on  the  group  system 
or  by  individual  motors,  dating  from  its  first  general  employment 
in  the  Columbia  Duck  Mills  in  1893,  has  had  a  revolutionary  effect 
on  many  aspects  of  the  cotton  industry.  It  removed,  at  the  outset, 
the  former  supposed  necessity  for  building  mills  in  immediate  con- 
tact with  water  powers,  and  therefore  permitted  the  arrangement  of 
the  dififerent  buildings  of  a  plant  to  satisfy  the  requirements  of  speed 
and  economy  in  the  routing  of  material  and  product.  With  the 
modem  electrical  transmission  line,  mills  may  be  built  miles  from  the 
power  generating  station,  in  places  where  the  supply  of  labor,  of 
building  materials,  or  of  transportation  facilities  make  it  most  advan- 
tageous to  locate  the  plant.  For  situations  of  this  general  t3rpe, 
where  power  must  be  developed  at  water  sites  which  do  not  offer 
the  other  conditions  required  for  a  mill,  electric  driving  may  hardly 
be  disputed  as  the  best  form  of  power. 

17  In  other  situations,  however,  particularly  where  power  ha? 
to  be  obtained  from  steam,  it  is  still  a  matter  of  debate  among  engi- 
neers as  to  whether  electrical  transmission  or  mechanical  is  the  more 
eflSicient  and  economical.  The  writer  believes  that  when  power  can  be 
taken  from  the  flywheel  of  the  engine  by  a  short,  direct  drive  to  i\  e 
head  shafts  of  the  mill,  such  form  of  transmission  is  preferable  to 
electrical  drive.  But  whenever  there  is  a  scattered  group  of  mills 
and  especially  where  transmission  shafting  has  to  make  angles,  elec- 
trical transmission  is  decidedly  the  more  desirable.  The  differences 
of  opinion  as  to  th^e  two  forms  of  power  transmission  are  due  in 
large  part  to  the  fact  that,  although  the  transmission  losses  are  greater 
with  electrical  transmission  than  with  mechanical,  the  motor-driven 
machine  gains  certain  other  things  which  make  the  equation  more 
than  the  simple  matter  of  comparing  transmission  losses;  for  example, 
the  group  system  of  motor  drive  in  which  losses  are  slightly  greater 
than  with  mechanical  transmission. 

18  As  usually  arranged  with  mechanical  drive,  an  average  of 
about  72  or  74  per  cent  of  the  i.h.p.  of  the  engine  reaches  the  machine. 
With  motors  driving  groups,  about  65  to  70  per  cent  of  the  i.h.p. 
of  the  engine  reaches  the  machine;  while  with  the  individual  motor 
drive  the  similar  efficiency  will  be  from  70  to  75  per  cent. 

19  The  virtue  of  electrical  transmission  which  largely  counter- 
balances its  lower  efficiency  is  its  constant  speed.    The  advantage 


980  DEVELOPMENT  OF  TEXTILE  INDnSTBIBS 

of  the  motor  is  most  apparent  in  individually  motor-driven  machines, 
where  speed  is  even  because  of  the  positive  action  of  the  motor.  It 
is  true  that  there  is  a  drawback  to  the  use  of  individual  motors,  and 
even  of  group  driving  motors,  in  the  high  cost  of  motors  in  compari- 
son with  shafting,  but  even  with  the  losses  of  power  already  men* 
tioned,  the  advantages  of  the  present  tjrpe  of  motors  will  in  many 
cases  outweigh  this  excess  of  cost.  The  relatively  low  eflBciency  of 
the  small  motor  seems  to  be  the  chief  weakness  of  the  individual 
drive  so  far  as  regards  efficiency  of  power  transmission.  The  small 
motor  seems  to  offer  an  excellent  field  for  improvement  at  the  hands 
of  the  engineer. 

20  Shafting  bearings  that  will  largely  reduce  the  friction  loeses, 
which  are  too  great  even  with  the  modem  ring-oiled  babbitted  bear- 
ings, deserve  the  earnest  attention  of  mechanical  engineers.  T^e 
solution  seems  to  lie  either  with  roller  or  ball  bearings,  and  it  is 
possible  that  ball  bearings,  properly  designed  and  constructed  i?ith 
extreme  accuracy  of  measurement  from  the  proper  qualities  of  steel, 
may  prove  the  best  type.  Roller  bearings  have  in  many  cases 
proved  very  efficient  but  it  would  seem  that  the  length  of  contact 
with  the  shafting  which  they  involve  makes  them  inherently  more 
liable  to  derangement  than  are  the  ball  bearings.  Theoretically,  at 
least,  since  a  ball-bearing  hanger  involves  only  a  single  line  of  contact 
points,  it  would  seem  that  a  bearing  of  this  type  might  be  less  liable 
to  derangement,  and  would  offer  greater  latitude  of  adjustment  than 
a  roller  bearing. 

21  Where  the  ordinary  type  of  shafting  bearing  is  retained  it  is 
often  possible  to  reduce  friction  losses  as  well  as  lubrication  cost,  by 
a  more  careful  study  of  lubrication.  Experience  has  sho^^Ti  that  the 
necessary  study  and  care  of  the  cost  differences  between  the  best  and 
merely  ordinary  methods  on  the  common  types  of  lineshafting,  are 
more  than  repaid  by  the  results.  It  should  be  obvious,  however,  that 
merely  as  a  mechanical  question  the  roller  or  ball  bearing  is  greatly 
superior  to  any  sort  of  sleeve  contact. 

22  Two  special  problems  under  the  head  of  power  deserve  more 
attention  from  engineers.  The  first  of  these  problems,  which  is  bow 
coal  or  ashes  can  be  handled  more  economically  in  a  given  situation, 
may  seem  a  trifling  matter;  but  the  effect  of  bad  arrangements  m 
this  particular  has  an  easily  visible  effect  on  operating  expense. 

23  The  other  problem  is  provided  by  the  power  situation  in  many 
New  England  mills  where  the  water  power  has  proved  insufficient 
for  expanding  plants  which  now  depend  upon  a  combination  of  steam 
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and  water  power  in  which  the  latter,  once  the  principal  source,  has 
very  often  become  the  auxiliary.  There  is  coasiderable  opportunity 
for  the  engmeer  in  the  proper  arrangement  and  economical  design  of 
such  combination  power  plants. 

MACHINERY 

24  With  regard  to  the  machinery  concerned  in  the  manufacture  of 
the  cotton  fiber,  it  is  rather  noteworthy  that  the  producing  capacity 
of  100,000  sq.  ft.  of  mill  floor  has  not  been  materially  increased  within 
a  number  of  years.  There  has  been  a  large  development  in  making 
machines  more  automatic  in  their  operation,  with  a  consequent  reduc- 
tion in  the  labor  cost,  but  increased  rapidity  in  the  processes  of  manu- 
facture has  been  far  less  in  evidence  in  the  cotton  than  in  many  other 
industries.  Apparently  this  situation  is  due  to  the  fact  that  with  the 
exception  of  spinning  machines,  cotton  machinery  of  the  existing 
types  is  already  running  at  as  high  speeds  as  the  nature  of  the 
fiber  will  allow.  In  the  ring-spinning  machine  it  seems  fairly 
sure  that  when  certain  improved  devices  already  in  operation  have 
been  brought  to  perfection,  spindles  will  run  15,000  r.p.m.  where  the 
maximum  is  now  ordinarily  about  9000  or  10,000.  As  the  labor  cost 
in  the  cotton  industry  has  also  been  reduced  less  than  in  any  other 
industry,  it  becomes  a  pertinent  question  for  the  mechanical  engi- 
neer to  consider  whether  the  existing  processes  really  represent  sub- 
stantially the  maximum  possible  speed  at  which  the  fiber  can  be  hand- 
led. The  writer  does  not  wish  to  assert  that  radically  new  types 
would  make  possible  a  great  increase  in  speed,  but  with  the  facts 
before  us  it  may  be  reasonable  to  suggest  the  desirability  of  making 
a  careful  study  of  the  chances  for  improvement  by  a  departure  from 
present  types  of  machinery.  While  the  fact  is  not  proof  that  much 
better  tjrpes  of  machinery  are  still  possible,'  it  is  true,  nevertheless, 
that  the  existing  methods  for  the  manipulation  of  the  cotton  fiber 
are  those  of  tradition.  The  question  that  might  well  be  considered 
is  whether  the  pioneers  in  cotton  processes,  on  which  succeeding  gen- 
erations have  merely  made  piecemeal  mechanical  improvements,  hit 
upon  the  only  principles  by  which  cotton  can  be  successfully  manu- 
factured; or  whether,  on  the  contrary,  more  rapid  production  can  be 
attained  by  the  adoption  of  some  different  methods  of  manipula- 
tion. If  the  principles  of  the  present  processes  are  to  be  considered 
a  finality,  it  would  seem  that  the  only  possible  gains  will  be  small, 
and  accomplished  by  making  existing  types  of  machinery  more  fully 
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automatic,  and  by  training  the  necessary  operatives  to  a  conditi<Ki 
of  higher  efficiency.  There  is  some  room  for  improvement  in  this 
latter  direction  when  it  is  realized  that  the  average  producing  output 
of  textile  machinery  is  about  85  per  cent  of  the  theoretical  capacity 
of  the  machines,  while  some  of  the  best  mills  have  maintained  an 
efficiency  of  well  over  90  per  cent. 

25  There  is  a  chance  to  make  considerable  saving  by  the  com- 
bination of  some  of  the  processes  which  are  now  performed  sepa- 
rately. As  an  example,  it  is  possible  to  do  away  with  the  spooling 
machine,  and  a  machine  has  already  been  designed  for  this  purpose, 
although  it  is  not  in  general  use  in  this  country.  Careful  study  wooM 
probably  show  that  this  plan  of  concentration  could  be  carried  still 
further. 

26  The  providing  of  satisfactory  machinery  for  the  manipulatioo 
of  cotton  waste  is  another  problem,  the  thorough  solution  of  which 
would  benefit  both  the  machine  manufacturer  and  the  cotton  mill. 

HUMIDITT  AND  TEMPERATUBE 

27  One  of  the  most  important  unsolved  problems  in  the  cotton 
manufacture  is  that  of  maintaining  within  mill  buildings  the  temper- 
ature and  humidity,  necessary  for  the  most  successful  handling  of 
the  cotton  fiber.  The  ahnost  imiversal  cooling  off  of  the  air  of  milk 
during  the  night  and  over  holidays  greatly  reduces  the  absolute 
humidity  in  the  cold  season,  even  if  it  does  not  lower  the  relative 
humidity  of  the  air.  But  a  high  relative  humidity  at  a  low  tempera- 
ture does  not  put  the  fiber  in  the  best  condition  for  working.  There 
is  needed  not  only  a  certain  absolute  humidity,  but  ih  additions 
temperature  which  allows  the  fiber  to  absorb  the  moisture  in  a  way 
to  bring  it  to  its  best  condition. 

28  Most  of  the  humidifiers  now  in  use,  those  of  the  self-contained 
type,  are  essentially  the  same  in  principle  as  the  primitive  method 
of  admitting  steam  through  rose  heads;  they  depend  upon  throwing  a 
fine  spray  of  vapor  into  the  room,  where  it  must  be  absorbed  by  the 
room  air  and  diffused  until  it  meets  and  affects  the  fiber  under  manip- 
ulation. The  true  principle  would  seem  to  require  that  heating 
and  humidifying  be  combined,  those  two  functions,  and  also  that  of 
ventilating,  being  performed  by  the  same  equipment.  With  the 
positive-pressure  air  system  of  heating,  temperature  can  be  regulated 
automatically  and  a  uniform  temperature  can  be  maintained.  R 
seems  evident  that  the  best  system  for  humidifying  will  be  that  ii 
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winch  the  entering  current  of  air  for  heating  and  ventilating  is  also 
provided  with  the  requisite  degree  of  humidity  before  it  enters  the 
room.  It  is  certainly  as  possible  to  secure  automatic  control  of 
humidity  in  the  entering  supply,  as  automatic  control  of  temperature. 
Such  a  system,  while  it  might  be  difficult  to  reduce  it  at  the  outset 
bo  perfectly  reliable  action,  is  in  principle  much  simpler  than  any  sys- 
tem of  nimierous  heads  distributed  throughout  a  room;  and  under 
Ekdequate  study  and  experiment  it  will  probably  turn  out  to  be  simpler 
also  as  a  piece  of  mechanism.  By  such  a  system  it  should  be  easy  to 
secure  not  only  proper  conditioning  of  the  fiber  itself,  but  also  proper 
conditioning  of  the  operatives,  the  latter  being  quite  as  important  in 
the  long  run  as  the  state  of  the  fiber. 

29  The  maintenance  of  a  uniform  temperature  and  humidity 
during  all  the  non-working  hours  would  greatly  improve  the  condi- 
tion of  the  fiber.  When,  as  is  often  the  case,  mills  are  allowed  to 
cool  down  during  the  night,  either  as  a  result  of  mistaken  notions  of 
economy,  or  through  the  carelessness  of  watchmen,  the  cotton  can- 
not be  in  the  best  condition  for  manipulation  at  the  beginning  of 
the  working  hours.  It  must  wait  for  its. proper  conditioning  imtil 
the  mill  has  slowly  reached  the  temperature,  and  the  air  the  proper 
humidity.  There  is  also  required  in  the  heat  of  summer  some  ade- 
quate way  of  cooling  the  room  air  when  the  outside  temperature  is 
too  high.  Both  results  can  best  be  obtained  by  combining  the  supply 
of  moisture  with  the  supply  of  hot  or  cool  air  as  the  case  may  be. 

REMOVAL  OF  LINT 

30  Another  unsolved  problem  is  some  method  of  removing  lint 
From  machinery,  motors,  and  wall,  ceiling  and  belt  surfaces  that  shall 
prevent  soiled  lint  from  damaging  the  quality  and  appearance  of  the 
product.  In  some  mills  this  task  is  handled  by  having  machines  and 
surfaces  continually  wiped  off  with  cloths,  a  method  that  is  not 
entirely  efficient,  and  undeniably  costly.  The  practice  of  blowing 
lint  from  machines  and  surfaces  with  a  blast  of  compressed  air  is 
familiar,  and  also  unsatisfactory.  The  lint  blown  from  the  motors 
and  from  belts,  walls  and  ceilings  is  in  large  part  diffused  again  into 
the  air,  and  tufts,  often  soiled,  descend  upon  the  cotton  in  process  of 
manufacture  and  appear  as  more  or  less  soiled  limips  in  the  finished 
product.  The  air  blast  is  also  objectionable  for  the  way  in  which  it 
breaks  or  disturbs  yarn  or  roving  in  the  process  of  production.  The 
lint  evil  is  naturally  most  serious  in  the  carding  and  weaving  rooms. 
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For  the  former  there  is  already  a  portable  pneumatic  suction  machine 
which  can  be  removed  from  card  to  card  in  order  to  take  up  the  lint 
set  free  when  each  card  is  cleaned.  The  device  is  successful  in  remov- 
ing a  considerable  part  of  the  lint,  but  it  does  not  cover  the  whole 
problem.  The  practical  difficulty  lies  not  so  much  with  the  system 
itself,  for  pneumatic  suction  is  adequate,  and  we  know  how  to  use  it, 
but  in  applying  it  without  becoming  involved  in  prohibitive  expense. 
It  is  of  course  mechanically  possible  to  provide  a  system  of  exhaust 
hoods,  even  in  a  crowded  card  room,  which  would  take  care  of  all 
lint;  but  the  body  of  air  that  would  have  to  be  handled  by  such  a 
system  would  require  a  large  expenditure  of  power,  to  say  nothing  of 
the  rather  heavy  cost  of  hoods,  ducts,  fans  and  separating  chambers. 
It  would  be  interesting  to  know  whether,  and  how  far,  it  is  economic- 
ally and  mechanically  practicable  to  equip  the  individual  machine 
with  its  own  suction-cleaning  device,  operating  as  a  part  of  the  machine 
itself,  somewhat  after  the  manner  in  which  the  automobile  motor 
runs  its  own  fan  for  the  cooling  of  its  cylinders. 

LIGHnNG 

31  The  artificial  lighting  of  textile  mills  is  a  field  which  offen 
great  room  for  improvement.  Electric  lighting  is  usually  adopted. 
There  are  many  mills  where  gas  lighting  is  still  used  and  a  few 
where  the  old  oil  lamp  may  be  found.  A  clear  white  light  is  the  best 
for  all  purposes,  but  with  many  forms  of  the  incandescent  bulb  the 
light  actually  obtained  is  usually  quite  yellow.  On  all  white  work 
the  Cooper-Hewitt  light  has  been  used  with  very  good  results,  since  it 
is  steady  and  gives  a  powerful  illumination.  It  has  been  found  ver}' 
serviceable  in  machine  shops,  and  it  has  the  virtue  of  allowing  one 
to  concentrate  his  gaze  without  undue  fatigue  of  the  eyes.  In  cotton 
mills,  however,  the  operatives  generally  prefer  local  to  general  light- 
ing, but  this  involves  many  difficulties  in  securing  the  right  arrange- 
ment of  the  different  lights.  The  placing  of  a  hooded  bulb  close  to 
that  part  of  the  machine  which  the  operative  must  keep  under  his 
eye  has  been  one  solution  of  the  difficulty  of  cross  shadows  which 
arises  when  a  series  of  lights  are  placed  near  a  row  of  machines.  The 
hooded  local  light,  while  it  seems  at  first  sight  desirable,  probably 
tends  to  provoke  accidents,  owing  to  the  deep  shadow  surrounding 
most  of  the  machines;  and  the  alternation  of  the  operative's  gaw 
between  the  brilliantly  lighted  patch  of  his  machine  and  the  compara- 
tive darkness  which  surrounds  that  lighted  patch  has  been  found 
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to  be  very  hard  on  the  eyes.  This  would  seem  an  inevitable  result, 
because  a  quick  glance  from  a  brightly  lighted  spot  to  a  dark  spot 
and  then  back  again  to  the  light  spot  involves  two  very  rapid  accommo- 
dations of  the  eye  mechanism,  and  a  consequent  excessive  strain. 
The  artificial  lighting  of  a  textile  mill  is  in  fact  almost  a  special  field 
of  engineering. 

WOOL  AND  WORSTED  MANUFACTURE 

32  While  much  that  has  been  said  of  the  cotton  mills  applies  as 
well  to  woolen  and  worsted  mills,  there  are  many  problems  that  are 
more  or  less  peculiar  to  woolen  and  worsted  mills.  Some  of  the  more 
important  of  these  are  here  noted. 

33  Machinery  offers  a  great  field  for  improvement.  One  of  the 
greatest  present  wastes  comes  in  the  extremely  short  life  of  the  leather 
aprons  and  dabbing  brushes  on  worsted  combs.  The  annual  cost 
of  renewals  of  the  leather  apron  which  carries  the  stock  to  the  combs 
in  a  large  mill  may  easily  exceed  $10,000.  Metal  rolls  have  been 
tried  as  a  substitute  for  the  leather  apron,  but  without  success.  The 
problem  is  as  old  as  the  industry  and  it  would  seem  that  a  solution 
should  be  forthcoming.  The  ineffectiveness  of  many  devices  tried 
in  the  past  raises  the  question  whether  an  entirely  different  type  of 
machine  is  not  needed.  Dabbing  brushes  often  wear  out  in  about 
two  days,  and  apart  from  the  expense  of  the  new  brushes  themselves, 
the  bother  of  the  whole  operation  is  a  great  nuisance.  Something 
new  is  needed  here,  possibly  something  new  in  principle. 

34  The  French  system  of  spinning  raises  another  serious  problem 
in  the  difficulty  of  getting  the  right  conditions  for  the  best  handling 
of  the  fiber.  There  is  much  electricity.  Proper  conditioning  of  the 
air  for  the  fiber  demands  both  high  temperature  and  high  humidity. 
The  crux  of  the  Whole  difficulty  seems  to  be  in  the  heating  of  the  rolls 
of  the  machine,  the  temperature  of  which  is  the  most  important 
single  item  in  successful  spinning.  They  must  have  the  same  tem- 
perature as  the  air  of  the  room;  if  they  are  only  a  little  cooler  spin- 
ning goes  badly,  while  if  they  are  comparatively  cold,  spinning  is 
practically  out  of  the  question.  The  problem  here  is  whether  the 
roll  can  be  heated  to  an  efficiency  temperature  by  some  internal 
application  of  heat,  so  that  its  temperature  shall  be  practically  inde- 
pendent of  the  air. 

35  A  variety  of  other  problems  may  be  grouped  together,  not 
because  they  are  individually  unimportant,  but  because  there  is  no 
need  of  enlarging  upon  them  after  what  has  already  been  said  in  more 
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detail  of  the  problems  of  the  cotton  mill.  Dust  in  the  singe^t)om  ia 
one  of  these  problems.  This  dust  falls  to  the  floor  and  can  be  cleared 
away  with  an  air  blast  or  air  suction  rather  more  easily  than  cotton 
lint;  but  some  kind  of  continuous  removing  process  is  necessary  be- 
cause of  the  extremely  irritating  effect  of  this  dust  when  breathed  into 
the  lungs.  Sulphur  dioxide  gases  in  the  bleachery  offer  another  prob- 
lem in  removal;  a  somewhat  similar  problem  arises  also  in  the  carbon- 
izing room  where  the  treatment  of  wool  with  acids  gives  rise  to  very 
destructive  action  upon  shafting  and  wood  work.  Ventilation  of  hot- 
rooms  and  dye-houses  is  another  removal  problem.  These  air- 
borne by-products  of  the  woolen  industry,  comprising  as  they  do, 
steam,  various  destructive  gases,  dust,  an  excess  of  heat  and  humidity, 
might  seem  again  to  furnish  material  for  a  special  branch  of  en^- 
neering.  Proper  utilization  of  the  waste  products  from  wool  washing 
presents  another  opportunity  for  the  engineer.  In  regard  to  machm- 
ery,  there  is  at  present  much  trouble  from  soiling  of  fabrics  by  the 
oil  used  on  the  machines  through  which  they  pass,  especially  in  the 
finishing  machines.  Such  stains  are  of  course  disastrous  on  white 
or  light-colored  goods  and  are  more  serious  than  similar  stains  on 
cotton  fabrics  because  of  the  much  greater  value  of  the  material 
itself.  There  seems  to  be  in  the  woolen  manufactiure  the  same  ques- 
tion that  arises  in  respect  to  cotton,  whether  the  whole  machineiy 
of  manufacture  cannot  in  some  way  be  made  to  give  more  output  and 
better  product  by  some  departure  from  traditional  methods.  Existing 
processes  leave  something  to  be  desired,  not  only  on  the  side  of  their 
producing  eflBciency  and  maintenance  cost,  but  perhaps  quite  as 
much  in  the  deterioration  of  the  wool  fiber  that  results  from  existing 
processes. 

BiANAGEMBNT  AND   LABOR  EFFICIENCY 

36  There  remain  to  be  mentioned  some  apparently  minor  mat- 
ters relating  to  the  eflSciency  of  operatives  and  to  details  of  adminis- 
tration within  the  mill  that  are  at  least  worth  attention  and  that  may 
hold  the  possibility  of  considerable  economies.  The  influx  of  labor 
from  the  near  East  and  from  Southern  Europe  has  brought  mills  in 
some  sections  to  dependence  on  a  class  of  labor  whose  neatness,  effi- 
ciency and  general  adaptability  to  the  conditions  of  cotton  manufac- 
ture are  considerably  less  than  ideal.  Certain  classes  of  operatives 
for  instance,  who  in  their  foreign  homes  never  recognized  the  need  for 
clean  hands,  bring  their  old  point  of  view  into  the  cotton  mill,  where 
in  making  piecings  and  tying  warp  threads  with  smudgy  fingers  they 
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multiply  troubles  for  the  overseer.  This  problem  of  getting  the 
operative's  hands  clean  enough  for  the  handling  of  white  goods  is  a 
tolerably  serious  ope  in  some  mills.  Certain  plants  provide  each 
operative  in  the  spinning  and  weaving  departments  with  a  pail  of 
water  in  which  he  is  expected  to  wash  his  hands  as  often  as  is  neces- 
sary to  keep  them  clean.  Operatives  of  this  class  will  not  go  to  set 
basins  at  considerable  distance  from  their  working  stations.  It  might 
be  well  to  have  a  small  hand  basin  between  every  pair  of  windows. 

37  Prevention  of  accidents  to  operatives  seems  to  require  that 
some  special  instruction  should  be  given  to  this  lower  grade  of  labor 
before  the  new  operative  is  allowed  to  come  into  the  mill.  It  is  not 
unlikely  that  if  green  operatives  had  a  week  of  preliminary  instruction 
in  which  they  made  the  acquaintance  of  various  types  of  machinery 
Eind  were  shown  what  part  of  the  machines  might  lead  to  accidents, 
the  mill  managements  might  find  the  expense  of  such  instructions  a 
profitable  outlay. 

38  In  view  of  acknowledged  defects  of  certain  kinds  of  mill  labor 
there  is  the  question  whether  employers  would  not  find  it  profitable 
to  institute  and  maintain  some  continuing  scheme  for  the  instruction 
of  new  operatives,  the  picking  out  and  retaining  of  those  operatives 
who  showed  themselves  capable  of  high  efficiency,  and  the  rejecting 
of  those  operatives  with  whom  the  instruction  did  not  take.  Up  to 
the  present  time  textile  improvements  designed  to  reduce  the  labor 
cost  have  been  in  the  direction  of  requiring  less  labor  and  some  of  those 
who  are  alive  to  the  defects  of  some  of  the  present  labor  supply, 
see  a  remedy  only  in  making  textile  machinery  still  more  automatic. 

39  Finally,  in  many  of  the  older  textile  plants  of  the  country  the 
typical  American  policy  of  scrapping  inefficient  equipment  needs 
to  be  extended  to  the  buildings  themselves.  The  comparatively 
recent  erection  and  profitable  operation  of  various  new  mills  located 
in  parts  of  New  England  removed  from  the  traditional  manufac- 
turing centers  emphasizes  the  necessity,  under  the  conditions  of 
today,  of  having  the  best  possible  plant  arrangement  in  the  matter 
of  buildings.  Some  mills  have  gone  under  and  others  are  weak, 
because  they  have  been  unwilling  or  unable  to  discard  wholly  a 
plant  layout  which  no  amoimt  of  internal  improvement  could  raise 
to  the  pitch  of  cost  efficiency  required  for  successful  competition 
with  new  mills  properly  laid  out  at  the  beginning.  As  reorgan- 
isations take  over  unsuccessful  properties,  it  is  fairly  certain  that  a 
considerable  number  of  old  mill  buildings  will  be  razed,  so  that  new 
ones  may  be  put  on  the  same  sites;  or  that  the  old  buildings  will  be 
altogether  abandoned  as  manufacturing  plants. 
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Charles  T.  Main  said  that  the  purpose  of  the  paper  was  to  out- 
line the  possibilities  of  the  work  of  the  Sub-Committee  on  Textiles, 
and  the  important  aid  which  could  be  given  by  members  of  the  Society. 
There  are  many  elements  entering  into  the  work  and  some  knowl- 
edge of  nearly  all  the  branches  of  engineering  is  required  for  the 
execution  of  this  work.  The  two  principal  considerations  in  the 
manufacture  of  textile  goods  are  machinery  which  will  tiun  out  goods 
of  a  proper  quality  in  maximum  product  and  labor  sufiSciently  skilled 
to  run  the  machinery  properly.  All  other  problems  of  building 
construction,  production  of  power,  etc.,  however  important,  are 
subsidiary  to  these.  There  is  always,  therefore,  open  to  the  mechan- 
ical engineer  the  possibility  of  improving  the  design  of  the  textile 
machinery. 

Next  in  interest  are  problems  in  connection  with  production,  pur- 
chase and  distribution  of  power.  Very  little  knowledge  is  available 
as  to  the  cost  of  power  in  mills  under  actual  ruiming  conditions, 
and  some  good  work  might  be  done  in  the  collection  of  such  data. 
These  would  be  most  valuable  to  a  manufacturer  who  is  in  a  position 
either  to  make  his  own  power  or  to  purchase  power  or  electric  current, 
but  who  is  not  sure  what  it  would  cost  him  by  either  method.  There 
is  great  diversity  of  opinion,  especially  between  mechanical  and  electrical 
engineers,  as  to  the  losses  by  these  two  methods.  The  lossesshownby 
John  T.  Henthom  in  his  paper  read  before  the  Society^  a  good  many 
years  ago  are  very  much  less  than  is  usually  claimed  by  the  electrical 
engineers.  Some  further  data  of  the  relative  losses  in  modern 
mills  would  be  of  value.  One  of  the  greatest  claims  for  electrical 
transmission  is  the  increase  in  product  due  to  a  more  uniform  speed 
near  the  allowable  maximum.  Definite  information  along  this  line 
would  be  of  great  value  as  the  question  of  whether  the  increased  cost 
of  electrical  transmission  is  warranted  often  turns  on  this  point. 

The  author  makes  a  plea  for  reinforced-concrete  buildings.  This 
type  or  some  other  form  of  fireproof  construction  is  bound  to  increase 

*0n  the  Power  required  to  overcoino  the  Frictional  Resistance  of  Engin« 
and  Shafting  in  Mills,  jind  its  Cost,  Trans. Am. Soc.M.E.,  vol.  6,  p.  461. 
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in  proportion  to  the  increased  cost  of  lumber  and  its  scarcity.  While 
he  was  aware,  Mr.  Main  said;  of  the  advantages  of  this  style  of  con- 
struction, he  also  knew  that  its  cost  at  present  was  somewhat  more 
than  for  the  slow  burning  t3rpe,  and  that  some  of  the  advantages 
had  been  overdrawn  and  some  of  the  disadvantages  overlooked. 

With  reference  to  glass  area,  the  author  stated  that  80  per  cent 
could  be  obtained  with  concrete  construction  and  50  per  cent  maximum 
in  brick.  In  two  mills  with  brick  walls  which  he  had  recently  built, 
the  glass  area  was  56  per  cent,  and  in  one  side  of  one  mill,  63  per  cent 
of  the  total  area;  and  these  percentages  could  have  been  increased 
if  the  sills  had  been  put  lower,  as  they  must  be  to  get  anywhere  near 
80  per  cent  in  concrete  buildings. 

In  nearly  every  mill  which  he  had  known  about  where  there  were 
concrete  wearing  surfaces  on  the  floors,  there  had  been  more  or  less 
trouble,  and  in  many  mills  wood  top  floors  were  put  in.  There  had 
also  been  trouble  in  expecting  cement  floors  to  be  absolutely  water- 
tight, when  wet  work  was  placed  on  a  second  floor. 

The  author  places  a  good  deal  of  stress  on  the  rigidity  and  conse- 
quent wear  and  tear  on  machinery.  This  is  at  variance  with  former 
opinion,  that  some  elasticity  is  good  for  this  kind  of  machinery.  He 
was  not  sure  that  the  author  was  right  and  would  like  to  see  some 
proofs.  He  then  outlined  the  following  field  for  work :  To  compile  some 
data  on  the  relative  cost  of  various  types  of  buildings  built  exactly 
for  the  same  purpose;  to  give  accurate  figures  relative  to  the  per- 
centage of  glass  area  in  the  different  types  of  construction;  to 
devise  a  way  to  make  the  wearing  surfaces  of  concrete  floors  abso- 
lutely sure;  to  make  further  studies  of  the  proper  kind  of  glass 
and  of  the  best  types  of  window  to  use;  to  study  the  efifect  of  the  semi- 
elastic  construction  of  the  slow-burning  type,  and  the  rigid  type  of 
reinforced  concrete. 

One  subject  not  mentioned  by  the  author  which  is  worthy  of  the 
consideration  of  the  engineer,  is  the  heating  and  ventilation  of  dye 
houses  and  similar  rooms,  where  a  large  amount  of  vapor  is  given 
off  from  the  kettles  and  other  machines.  There  are  very  few  such 
rooms  in  which  the  conditions  are  satisfactory.  They  are  apt  to  be 
filled  with  fog  and  dripping  from  the  ceiling,  and  sometimes  very 
hot.  All  of  these  conditions  add  to  the  discomfort  of  the  operations, 
to  the  cost  of  production  and  cause  more  or  less  injury  to  the  goods. 

George  R.  Stetson  said  that  in  his  community  several  new  mills 
have  adopted  the  electric  drive  with  satisfactory  results,  but  there 
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is  also  considerable  question  as  to  whether  or  not  a  great  central 
station  for  the  generation  of  power,  which  would  send  to  these  dif- 
ferent mills  the  current  required,  would  not  effect  great  economy. 
Another  phase  to  be  considered  is  whether  or  not  electric  drives 
will  increase  production  and  improve  the  character  of  the  work.  A 
breakdown  in  the  electrical  apparatus  that  interrupts  even  for  a 
short  time  an  important  function  of  a  mill  will  disarrange  the  entire 
organization.  The  speaker  knew  of  such  an  occurrence  in  a  cert^tin 
mill.  Positive  knowledge  on  these  points  would  be  valuable  both 
to  those  who  furnish  the  current  and  to  those  who  receive  it. 

John  Eccles^  agreed  with  what  had  already  been  said  as  to  elec- 
tric drives  being  one  of  the  important  factors  in  large  plants;  where 
three  or  four  mills  are  closely  connected  (within  one-third  or  one- 
fourth  of  a  mile),  it  is  probable  that  it  would  be  of  great  advantage 
to  have  a  central  power  plant. 

Another  question  for  the  consideration  of  a  mechanical  engineer 
is  an  individual  drive  by  motor,  for  each  machine,  in  the  different 
departments;  at  present  the  question  is  whether  to  have  a  niotor 
to  drive  one  self-acting  mule  and  also  one  for  each  warp  spinning- 
frame,  or  to  have  one  motor  to  drive  groups  of  several  machines. 
There  are  no  accurate  figures  available  to  determine  which  of  the 
two  systems  is  the  more  efficient  in  production,  and  more  econom- 
ical as  to  cost  of  installation. 

Mr.  Eccles  stated  that  it  is  usually  necessary  to  board  over  con- 
crete floors.  Another  matter  is  to  be  considered  in  connection  with 
mills,  say  120  or  150  ft.  wide;  in  order  to  have  sufficient  li^t  in 
the  middle  requires  large  window-area  of  glass,  say  about  9  by  12 
ft.  Does  not  this  require  more  heat  to  keep  the  rooms  |wann  in 
winter  at  points  near  windows?  Is  this  a  question  worth  your  con- 
sideration? 

G.  H.  Perkins  said  that  the  textile  schools  today  are  doing  agreat 
work  in  this  industry  and  that  there  the  future  leaders  in  this  work 
must  be  educated.  As  a  representative  of  the  Lowell  Textile  Schools, 
he  could  say  that  the  schools  would  be  very  glad  to  codperate  with  the 
Textile  Committee  of  the  Society  in  any  possible  way  that  might 
further  the  work  and  to  aid  in  securing  valuable  information  along 
the  lines  mapped  out. 

»Taftville,  Conn. 
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Charles  Fei/ton  Scott  said  that  the  reference  to  electric  drive 
was  one  in  which  he  was  particularly  interested  as  it  had  received 
more  or  less  of  his  attention  for  some  time  past,  and  that  he  would 
like  to  add  one  or  two  things  in  connection  with  the  points  already 
made.  At  a  convention  of  the  American  Institute  of  Electrical 
Engineers  a  year  ago  he  met  the  officials  of  the  Southern  Power 
Company  and  learned  the  relation  of  the  company  to  the  cotton  mills 
in  that  district.  Its  lines  are  extended  over  great  areas  reaching 
hundreds  of  miles  in  every  direction,  forming  a  general  power  system. 
The  old  mills  were  equipped  with  their  own  water  powers  or  steam 
plants.  Some  new  mills  installed  the  electric  drive  and  it  soon  began 
to  extend  to  other  mills.  A  curve  was  shown  indicating  the  increased 
cotton  mill  load  for  several  years.  It  took,  he  thought,  two  or  three 
years  to  get  it  up  to  10,000  h.p.,  and  in  the  next  two  or  three  years 
it  had  nm  from  10,000  to  100,000  h.p.,  the  curve  running  up  very 
sharply,  and  at  the  end  of  that  time  something  over  100  mills  of  the 
150  in  that  district  were  supplied  with  this  system. 

The  advantages  found  in  the  electric  drive  are  not  merely  confined 
to  the  cost  of  power,  but  also  lie  in  the  excellence  of  the  power.  It 
was  desired  in  these  mills  to  maintain  the  maximum  practical  speed 
at  all  times.  With  the  steam  plant  this  maximum  speed  was  seciu-ed 
in  the  morning,  but  in  nmning  over  the  day  the  belts  became  softened 
and  the  slippage  was  greater,  and  the  machines  furthest  from  the 
engine  were  running  several  per  cent  low  at  the  end  of  the  day,  giving 
an  average  speed  throughout  the  day  of  some  2  or  3  per  cent  less  the 
maximum  in  the  morning.  With  the  electric  drive,  the  maximum 
speed  was  obtained  continuously  and  an  increased  output  of  several 
per  cent  was  gained,  in  itself  about  equal  in  value  to  the  cost  of  the 
electric  power. 

The  quality  of  the  power,  its  uniformity  and  steadiness,  flexibility  and 
reliability,  the  improved  quality  of  the  output,  and  the  advantages  of 
adaptability  in  making  arrangements  in  the  mill,  are  sometimes  over- 
looked when  the  mere  power  bill  is  counted  and  compared  with  the 
cost  of  coal  for  runniDg  the  steam  engines. 

The  business  of  the  mill  owner  and  operator  is  to  run  a  mill  and  not 
to  make  power,  which  has  come  to  be  an  art  in  itself.  The  machinery, 
the  methods  of  operation,  the  economies  which  can  be  seciu-ed  in 
power  manufacture  by  power  experts,  are  in  a  way  on  a  par  with  the 
expert  mill  operation.  Why  not,  then,  get  rid  of  the  power  appli- 
ances, the  running  of  engines  and  all  that  sort  of  thing  as  much  as 
possible,  and  let  those  matters  go  to  the  experts  in  the  power  com- 
pany capable  of  handling  work  of  that  kind? 
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In  a  visit  to  the  city  of  Hartford,  he  had  made,  he  said,  a  little 
study  of  the  Hartford  plant.  This  is  a  manufacturing  city  and  a 
nimiber  of  the  prominent  industries  located  there,  making  products 
involving  the  expenditure  of  millions  of  dollars,  use  power  firom  the 
central  station  company.  There  are  practically  no  individual  plants 
not  using  this  power,  which  seems  to  be  an  answer  as  to  whether 
central  station  power  is  advantageous.  The  manufacturers  for  tai 
miles  in  various  directions  from  the  central  plant  are  discarding  their 
steam  plants,  even  in  factories  which  use  a  good  deal  of  waste  steam 
for  heating  purposes,  and  are  buying  electric  power,  not  because  it 
is  cheaper  but  because  it  is  better. 

In  a  test  made  in  a  New  England  machine  shop  not  long  ago 
of  group  drive  versus  individual  drive,  on  one  floor  of  the  fac- 
tory involving  some  130  or  140  different  machine  tools,  driv^ 
from  one  source  of  power,  the  engine,  the  question  was  wheth^it 
was  better  to  put  in  a  150-h.p.  motor  to  drive  that  floor  or  about  130 
motors  of  2  h.p.  each.  The  cost  of  the  one  motor  was  less  than  $500, 
while  that  of  the  130  motors  was  over  $8000,  more  than  sixteen  times 
as  much.  It  seemed  at  first  absurd  to  put  in  the  little  motors,  but 
when  the  cost  of  the  shafting  and  belting  was  included  with  the  cost  of 
the  large  motor,  the  total  first  cost  of  the  two  installations  was  practi- 
cally the  same,  within  a  per  cent  or  so.  Furthermore,  the  cost  of 
the  power  lost  in  the  shafting  and  belting  amounted  to  about  $1700 
per  armum,  which  is  a  pretty  good  interest  on  the  first  cost  of  the 
investment. 

The  total  cost  of  power  in  the  mill,  however,  is  usually  only  a  few 
per  cent  of  the  total  cost  of  the  product,  and  the  discussion  as  to 
whether  one  kind  of  power  or  another  is  going  to  involve  the  greater 
cost  is  simply  a  decision  between,  say,  3,  or  3.5,  or4  per  cent  of thetotal 
actual  cost.  If  in  the  begmning  electric  power  were  selected,  there 
is  certainly  a  better  and  larger  product,  with  more  reliability  in 
operation,  and  with  less  attention  needed  from  the 'managers  of  the 
I)lant.  The  gain  may  possibly  amount  to  5  or  10  per  cent,  so  that 
the  mere  cost  of  the  power  should  not  overweigh  these  much  more 
important  things.  The  suggestion  that  this  whole  matter  could 
well  be  reviewed  by  a  committee  is  a  most  excellent  one. 

Arthur  J.  Herschman  said  there  are  two  important  reasons  not 
mentioned  so  far,  which  should  be  in  favor  of  the  electric  drive  as 
compared  with  the  mechanical  drive.  With  the  electric  drive  there 
is  no  obstruction  of  light,  a  f(»ature  that  is  very  noticeable  in  textile 
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factories  having  belt  drives.  Another  important  consideration  is 
the  fact  that  with  electric  drives  the  danger  from  belts  hanging  down 
from  the  ceiling  is  avoided.  The  question  of  electric  versus  mechan- 
ical drive  depends  primarily  upon  the  kind  of  plant  under  consider- 
ation, whether  it  is  purely  a  spinning  plant,  or  a  combination  of  a 
spinning  and  weaving  mill,  and  upon  the  general  layout  of  the  plant. 
Where  it  is  possible  to  have  the  boiler  plant  in  the  center,  with  the  en- 
gine room  ahead  of  the  boiler  plant  and  two  large  wings  extending  right 
and  left,  as  is  the  usual  practice  in  continental  Europe  and  also  in 
the  cotton  district  of  England,  it  is  a  very  easy  arrangement  to  drive 
with  ropes  and,  he  believed,  for  economy,  it  will  take  a  long  time 
to  improve  on  rope  drives. 

In  England,  a  common  way  of  driving  cotton  mills  is  by  what  is 
known  as  the  king  shaft,  a  powerful  vertical  shaft  driving  bevel 
gears  right  and  left  into  the  room.  With  small  mills,  the  frictional 
waste  of  mechanical  driving  very  frequently  runs  into  30  or  40  per 
cent  of  the  total  power  consumed.  He  had  tested  mills  some  years 
ago  of  which  the  frictional  loss  was  30  per  cent  and  more. 

One  disadvantage  of  the  wooden  floor  is  its  great  fire  hazard. 
In  cotton  and  textile  mills,  oil  is  generally  used  to  a  very  great  extent, 
and  when  the  wooden  floor  is  oil  soaked,  the  oil  saturates  the  wood, 
becomes  imbedded  in  it  and  cannot  be  removed.  On  the  other  hand, 
in  one  textile  mill  it  happened  that  the  engine  was  seriously  affected 
by  the  softening  of  its  concrete  foundation. 

James  A.  Pratt  believed  a  great  deal  might  be  accomplished  by 
investigating  the  possibilities  of  belt  drives.  The  Society  has  at 
its  disposal  exceedingly  valuable  material  presented  by  Mr.  Barth 
and  Mr.  Taylor,  and  if  the  designs  given  by  these  gentlemen  were 
followed,  the  efficiency  of  belt  drives  might  be  very  greatly  increased. 
No  other  line  of  machine  designing  presents  so  many  contradictions 
and  varieties  of  method  as  in  the  design  of  cotton  machinery.  A 
great  deal  is  left  to  judgment,  to  chance  and  to  the  advice  of  others 
not  mechanical  engineers,  instead  of  carrying  out  a  regular  design 
development.  Advocacy  of  the  latter  course  on  the  part  of  members 
of  the  Society  would  be  decidedly  helpful. 

A  possible  objection  to  the  group  drive  is  that  it  is  difficult 
to  keep  separate  belts  tight  running  to  a  machine.  This  objec- 
tion is  not  very  serious  because  it  is  possible  to  use  a  hook 
adjusting  shipper,  by  which  i\  belt  is  adjusted  by  an  idler  running 
over   its   face   ami   sot   to  tlifferent  positions   by   a   hook,    which 
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is  nothing  but  a  rough  casting  and  very  cheap.  By  this  meaDs, 
the  belt  may  be  kept  at  any  required  tension,  and  efficient  results 
secured.  A  previous  speaker  mentioned  the  obstruction  of  lig^ 
by  the  belts.  This  objection  may  be  largely  overcome  by  using 
an  imder  machine  drive,  coming  from  the  floor  below  up  to  the 
machine.  Unless  it  is  desired  to  use  the  ceiling  of  the  factory  for 
reflecting  purposes,  this  arrangement  interferes  with  the  light  no 
more  than  motors  and  individual  drives. 

In  connection  with  the  comparative  advantages  of  the  individual 
motor  over  the  belt  driven  steam  plant,  it  is  well  to  remember  that 
with  electric  drives  it  is  necessary  to  have  a  man  to  look  after  the 
electrical  equipment.  In  the  case  of  belt  drives,  this  feature  of  an 
attendant  is  too  often  neglected,  to  the  detriment  of  the  system. 
There  is  much  to  be  said  in  favor  of  the  belt  drives  when  prop- 
erly designed,  installed  and  operated. 

J.  Irvine  Lylb  said  that  he  had  been  waiting  for  some  time 
for  some  one  to  discuss  this  question  of  control  of  temperature  and 
humidity.  Those  connected  with  textile  mills  realize  that  there  is 
little  trouble  in  controlling  temperatures  in  winter  when  they  are 
apt  to  become  too  high  rather  than  too  low,  especially  in  spiniung 
mills,  due  to  the  immense  amount  of  heat  developed  by  the  friction 
of  machinery,  so  that  Mr.  Eccles'  remark  as  to  the  cost  of  heating 
these  buildings  with  large  window  surfaces  would  apply  only  during 
the  night,  Sundays  and  holidays,  not  to  the  working  hours.  It  is 
perfectly  possible  to  maintain  constant  temperatures  in  a  mill  through- 
out the  entire  winter  within  2  or  3  deg.,  and  to  control  the  humidity 
within  2  or  3  per  cent,  and  then  to  control  both  automatically. 

In  summer,  conditions  are  not  quite  so  easy,  due  to  the  fact  thai 
refrigeration  is  out  of  the  question  on  account  of  the  immense  cost; 
but  it  is  possible  to  keep  them  at  much  lower  temperatures  than  could 
be  done  without  a  cooling  system.  By  the  evaporation  of  water 
it  is  possible  to  get  a  reduction  of  temperature  varying  from,  say 
12  deg.  to  about  25  deg.  below  the  outside  temperature,  and  then 
by  introducing  into  the  mill  a  volume  of  this  cooled  air  sufficient 
to  absorb  the  heat,  the  temperature  of  the  mills  can  be  greatly  lowered. 

He  knew  of  one  mill,  he  said,  where  there  are  two  separate 
buildings,  one  with  16-ft.  and  the  other  with  18-ft.  studding,  the 
latter  having  proportionately  more  glass  surfaces.  The  same  class 
of  work  is  being  done  in  the  spinning  rooms  of  both,  and  they  are 
equipped  with  the  same  t>'])e  of  drive,  so  that  as  nearly  as  possible 
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conditions  are  equal.  In  hot  summer  weather  the  temperature  in  the 
one  into  which  the  conditioned  air  is  introduced  can  be  kept  down  to 
an  average  of  about  12  to  15  deg.  below  the  temperature  of  the  other 
mill,  and  at  the  same  time  the  humidity  can  be  held  up  and  maintained 
constant  at  the  same  point,  so  that  the  work  runs  much  better. 

Mr.  Reynolds  speaks  of  the  slowness  of  production  in  the  first 
hours  of  the  morning,  due  to  the  fact  that  the  conditions  have  been 
allowed  to  fall  off  during  the  night,  the  buildings  being  too  cold  or  the 
humidity  running  too  high  or  too  low.  All  mill  men  know  that  their 
worst  troubles  come  in  the  first  hour  of  the  morning.  In  the  first 
hour  Monday  morning  less  production  is  obtained  than  in  any  other 
hour  in  the  week,  largely  due  to  the  fact  that  conditions  have  changed 
during  the  night.  To  work  the  fiber  properly,  warm  temperatures 
and  certain  humidities  are  needed  for  each  different  process.  By 
maintaining  these  constant  and  uniform  at  the  same  point,  a  greater 
production  can  be  obtained  at  a  cheaper  price  and  with  a  better 
standard  of  quality  than  is  possible  where  the  conditions  vary.  He 
knew  of  one  mill  which  does  weaving,  where  second-grade  raw  material 
is  now  bought  since  apparatus  was  put  into  operation  whereby  con- 
stant conditions  could  be  maintained.  This  grade  can  be  bought 
for  10  per  cent  less  than  the  better  grade,  and  the  product  is  fully 
as  good,  if  not  better,  than  that  turned  out  before;  that  is,  it  is  fully 
as  good  as  could  have  been  secured  with  the  better  grade  of  material 
without  the  proper  air  conditions. 

This  is  a  field  that  the  engineer  can  study  with  profit  both  to  him- 
self and  to  the  mill. 

Calvin  W.  Rice  stated  that  he  had  had  a  part  in  the  final  engi- 
neering application  of  electdc  drives  in  most  of  the  industries  and 
particularly  in  the  textile  industry,  and  in  connection  with  some  of 
the  largest  and  earliest  plants  in  America  had  attended  to  the  various 
features,  from  the  engineering  to  the  installation  of  the  apparatus 
and  the  operation  of  the  plant.  He  was  able  to  sell  to  certain  plants 
by  virtue  of  the  merits  of  the  electric  drive,  and  would  be  pleased  to 
supply  the  specific  data  which  have  been  called  for,  showing  the  exact 
improvement  in  output  over  a  long  period  of  time,  exact  improve- 
ment in  quality,  due  to  steadiness,  and  those  other  features  which  are 
essential  to  the  comparison  of  the  electric  drive  with  others  used  in 
mill  operation.  Speaking  as  secretary  of  the  Society,  Mr.  Rice 
further  thanked  the  committee  for  this  paper  which  he  regarded  as 
an  ideal  production  for  a  special  committee. 
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George  M.  Brill  stated  that  there  were  one  or  two  points  which 
he  had  discovered  in  connection  with  other  lines  of  manufacturing 
which  he  thought  might  apply  with  some  force  to  the  use  of  motors 
in  cotton  mills.  In  a  number  of  cases  where  electric  power  was 
applied  to  mills  previously  equipped  with  mechanical  drives,  the 
product  was  very  materially  increased.  In  the  Studebaker  Manu- 
facturing Company  of  South  Bend,  Ind.,  they  were  running  along 
in  a  very  comfortable  way  with  a  large  percentage  of  the  total  fuel 
as  refuse,  quite  satisfied  with  the  product,  but  for  certain  reasons 
thought  it  best  to  change  over  to  electric  drives.  Tests  indi- 
cated very  clearly  that  it  was  entirely  possible  to  materially  in- 
crease the  products  with  less  power.  The  workmen  thought  they 
were  going  through  the  movements  of  production  as  rapidly  as 
possible,  but  it  was  found  as  a  result  of  the  installation  of  the  elecoric 
drives  that  they  were  feeding  through  the  material  at  more  rairid 
speed  and  the  products  were  materially  increased  without  increase 
in  the  cost  of  labor. 

Another  important  consideration  is  that  of  safety.  With  km| 
lines  of  shafting  and  large  flywheels  the  momentum  of  the  parts  is 
so  great  that  it  is  impossible  to  shut  the  plant  down  instantly  or  in 
a  few  seconds;  while  with  electric  motors  it  is  possible  to  stop  the 
machinery  in  very  much  less  time  than  in  the  case  of  a  mechanieal 
drive.  An  accident  which  might  otherwise  be  serious,  is  often  reduced 
to  a  minor  event  by  this  fact.  Another  point  which  applies  with  sonae 
force  to  cotton  mills  is  the  stirring  up  of  the  dust  due  to  the  large 
number  of  pulleys  and  heavy  belts,  which  is,  of  course,  greatly  reduced 
by  the  use  of  motors. 

DwiGHT  Seabury  said  that  he  was  designing  some  mills  in  Ver- 
mont in  which  electric  drives  would  be  used  for  all  machiner}'.  In 
his  opinion  the  electric  drive  was  superior  to  the  belted  drive,  but 
had  the  disadvantage  of  increased  first  cost.  If  the  cost  of  motors 
and  the  cost  of  power  were  as  low  as  they  should  be,  all  mills  would 
use  the  electric  drives. 

Calvin  W.  Rice  remarked  that  the  cost  of  power  was  a  question 
of  engineering.  Almost  the  entire  industry  of  the  city  of  Chicago, 
including  transportation,  lighting  and  operation  of  hotels,  etc., 
receives  its  supply  of  electrical  power  from  one  central  station  and  a 
substation.  Power  is  being  i)r()duced  in  Chicago  at  less  cost  per 
kilowatt  than  it  can  be  purchased  in  Buffalo  from  Niagara  Falls- 
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O.  H.  Pbrkins  expressed  his  belief  that  the  entire  question^of 
electrical  versus  mechanical  drives  resolves  itself  in  the  one  of  cost, 
sdling  prices,  and  gross  profits,  and  that  in  his  opinion  the  ideal  oppor- 
tunity for  central  station  power  drives  is  to  be  found  where  a  number 
of  plants  of  small  units  lie  close  together.  In  Chicago  they  are  pro- 
ducing electricity  at  less  cost  than  anywhere  else  in  the  country  and 
it  must  be  that  they  are  selling  it  at  a  price  that  the  manufacturer 
can  afiford  to  pay.  This  is  a  good  example  for  other  central  stations 
to  follow  so  that  they  may  get  their  price  down  to  a  figure  within 
reach  of  the  manufacturers  of  textile  materials.  Another  thing  to 
be  considered  is  the  geographical  location  of  the  various  plants.  In 
New  England  where  an  auxiliary  plant  must  be  installed  to  take  care 
of  the  heating  and  process  work,  it  has  an  effect  on  the  cost  of  power 
for  manufacturing.  The  South  gives  a  different  problem  for  con- 
sideration. 

Mr.  Perkins  expressed  his  belief  that  the  interest  aroused  by  the 
development  of  the  electric  drive  because  of  its  comparative  newness, 
and  the  aggressiveness  with  which  it  has  been  put  before  the  manu- 
facturers, had  made  too  great  an  impression  upon  mill  owners.  In 
his  opinion,  if  equal  interest  were  taken  in  the  development  of  other 
prime  moving  apparatus,  it  might  be  possible  to  develop  it  to  such 
an  extent  that  it  would  compete  successfully  with  the  individual 
electrical  drive.  In  applying  the  electric  drive  to  textile  plants, 
each  mill  must  be  considered  individually,  and  that  is  where  the 
engineer  should  take  up  the  problem  and  endeavor  to  meet  the 
requirements  of  the  particular  plant  in  the  best  possible  manner. 
Upon  how  well  he  does  this  depends  his  success  as  an  engineer. 

George  M.  Brill  answering  a  question  of  Mr.  Ekiward  Robinson 
as  to  the  comparative  cost  of  electrical  power  in  Chicago  and  Buffalo, 
said  that  although  he  could  not  give  the  exact  figiu*es  at  which  the 
Edison  Company  was  selling  power  in  Chicago,  the  rate  was  suffi- 
ciently low  to  induce  the  surface  and  elevated  raihroads  to  take  power 
from  it  and  to  shut  down  their  own  plants.  It  was  also  low  enough  for 
the  use  of  a  large  number  of  manufacturers  and  a  still  larger  mmibcr 
of  isolated  plants  of  all  kinds,  department  stores,  hotels,  etc.  In  this 
connection  he  observed  that  the  Milwaukee  Electric  Railway  Light 
&  Power  Company  buys  power  developed  from  water  power  by  the 
Southern  Wisconsin  Power  Company,  located  at  the  falls  of  the 
Wisconsin  River  about  1 10  miles  from  Milwaukee.  The  best  rate 
that  the  water  power  company  could  give  was  not  sufficiently  at- 
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tractive  to  induce  the  railroad  company  to  run  their  entire  system 
of  electric  cars  on  this  power.  They  could  make  power  themselves 
as  cheaply,  and  although  they  are  now  buying  a  portion  of  their 
power,  they  are  making  the  bulk  of  it  themselves  from  coal. 

£.  D.  Dreyfus  (written).  Textile  engineers  deserve  a  great  deal 
of  credit  for  the  manner  in  which  they  have  induced  means  for  the 
economical  supply  of  their  combined  power  and  heating  demands, 
which  must  be  properly  taken  care  of  as  previous  discussors  noted. 
To  them  is  primarily  due  the  development  of  a  special  design  of 
turbine,  known  chiefly  as  the  ''bleeder''  type,  which  automatically 
delivers  low-pressure  steam  and  electric  power  under  the  most  efficient 
conditions  of  operation.  This  particular  design  of  turbine  differs 
from  the  regular  construction  mainly  in  that  an  automatic  valve  is 
arranged  between  the  intermediate  and  low-pressure  stages,  which 
regulates  the  flow  of  steam  to  the  final  stage  of  the  turbine;  or,  in 
other  words,  admits  to  the  low-pressure  stage  all  surplus  steam  issu- 
ing from  the  high-pressure  sections  which  is  not  required  for  heating 
purposes.  Hence  it  will  be  appreciated  that  there  will  be  no  waste 
of  exhaust  steam  to  the  atmosphere  at  any  period,  and  thus  all  steam 
generated  will  be  utilized  to  the  best  advantage.  That  they  were 
the  first  connected  with  this  advance  in  turbine  design  illustrates 
the  progressiveness  of  the  textile  mill  directors;  and  it  is  worthy  of 
note  that  all  other  industries  in  which  a  combined  lighting  and  heat- 
ing load  occurs,  have  since  similarly  recognized  the  merits  of  having 
an  eflScient  machine  which  will  automatically  serve  the  variable  steam 
and  power  requirements. 

Albert  L.  Pearson  (written).  In  this  paper  very  little  refer- 
ence is  made  to  the  electrical  engineer  and  what  has  been  accomplished 
in  the  development  of  motors  for  all  systems  of  electric  driving,  and 
the  lighting  situation.  I  believe  that  a  great  deal  of  responsibility 
for  the  successful  operation  of  a  mill  rests  with  the  electrical  engineer. 

Motors  for  use  in  systems  of  group  driving  can  be  obtained  which 
are  well  suited  to  meet  conditions  and  which  have  excellent  operat- 
ing characteristics.  Motors  can  also  be  obtained  for  systems  of  indi- 
vidual driving  which  have  been  developed  to  meet  the  special  needs 
of  machines  for  practically  all  of  the  processes.  Those  on  the  market 
today  are  the  result  of  a  careful  study  of  conditions  and  tests  of  power 
required,  and  have  also  very  good  operating  characteristics,  with  the 
possible  exception  of  some  of  the  smaller  sizes  in  which  the  efficiency 
is  low. 
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There  are  a  number  of  advantages  attending  the  use  of  electric 
rive,  some  of  which  have  been  mentioned  in  the  paj)er.  In  the  case 
f  the  individual  system  there  are  some  others  which  might  well  be 
oted: 

a  More  efficient  results  in  ilhimination,  both  natural  and  arti- 
ficial, due  to  absence  of  overhead  shafting  and  belting. 

b  Cleaner  and  more  sanitary  rooms,  for  the  same  reason. 

c  Elimination  of  danger  to  operatives  from  shafting  and  belt- 
ing. 

d  Elimination  of  cost  of  power  for  a  given  section  when  that 
particular  section  is  not  in  operation. 
There  are  several  points  to  be  borne  in  mind  in  selecting  an  equip- 
rient  of  motors  to  which  I  will  also  call  attention: 

a  The  efficiency  and  power  factor  should  be  high,  this  latter 
having  considerable  bearing  upon  the  regulation  of  the 
systems  generally.  In  case  of  a  large  installation,  this 
characteristic  may  result  in  some  saving  in  copper.  The 
curves  of  efficiency  and  power  factor  should  be  as  nearly 
flat  as  possible,  in  order  to  insure  the  most  economical 
operation  at  loads  ranging,  say  from  50  to  125  per  cent 
of  the  rating  of  the  motor. 

b  The  percentage  of  slip  or  difference  between  synchronous 
and  full-load  speeds  should  be  small  to  insure  as  nearly 
as  possible  constant  speed  at  the  machines  under  all 
conditions  of  load.  This  point  is  of  special  value  in  cases 
where  one  motor  is  used  to  drive  four  spinning  frames 
and  with  group  drives  for  looms  and  other  machinery 
where  close  speed  regulation  is  not  only  desirable  but 
often  necessary.  In  the  individual  system  this  is  not  of 
so  much  importance,  as  the  driving  mechanism  will  be 
designed  to  meet  the  full-load  speed  of  the  motor. 

c  The  air  gap  should  be  reasonably  large  which  will  allow 
a  longer  life  to  the  bearings  and  minimize  the  amount 
of  attention  at  this  point. 

d  Ventilation  should  be  good  and  the  ducts  for  this  purpose 
readily  accessible  for  cleaning.  For  small  motors  for 
individual  driving  it  is  better  to  rely  upon  radiation  for 
carrying  off  the  heat,  and  thus  eliminate  ventilating  ducts. 

e  For  textile  plants  an  overload  capacity  in  a  motor  greater 
than  the  standard  2-hr.  rating  is  not  necessary.  The 
cost  of  a  motor  with  a  rating  of  125  per  cent  load  con- 
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tinuously  is  an  unnecessary  investment  and  the  result  of 
such  a  condition  will  be  a  continuous  operating  loss. 
/  Auto-starters  and  oil  switches  should  be  as  simile  as  pos- 
sible, consistent  with  good  ox)erating  characteristics.    Con- 
tacts should  be  liberal  and  so  designed  that  repairs  maybe 
made  readily  with  a  minimum  amount  of  time  and  expaise. 
g  A  plant  should  not  be  ''over-motored/'  as  such  a  conditicm 
is  sure  to  result  in  poor  operating  characteristics  gener- 
ally.   It  is  better  to  operate  an  induction  motor  at  a 
slight  overload  than  at  An  underload. 
h  The  power  supply  for  a  mill  should  preferably  never  be  less 
than  550  volts,  3-phase,  60  cycles,  except  possibly  where 
motors  smaller  than  1  h.p.  are  used  in  which  case  betta 
results  may  be  secured  from  220  volts.    Very  satisfactory 
results  are  being  obtained  from  2200-volt  motors. 
The  frequency  of  60  cycles  is  mentioned,  as  the  range  in  speeds 
is  greater  than  that  of  25  cycles  and  other  frequencies,  and  where 
lighting  is  supplied  directly  from  the  power  lines  more  satisfactory 
results  are  obtained. 

In  an  electrically  driven  plant  the  wiring  takes  the  place  of  shafting 
in  a  mechanically  driven  one.  This  should  be  installed  in  a  thoroughly 
first-class  manner,  protected  from  injury  and  designed  to  maintam 
constant  rated  voltage  at  the  motors.  Fuses  should  be  eliminated, 
as  far  as  practicable,  and  where  required,  should  be  placed  in  readily 
accessible  locations. 

Finally,  in  selecting  an  equipment  the  reliability  of  the  apparatus 
and  economy  of  operation  should  be  given  first  consideration. 

I  agree  wdth  Mr.  Reynolds  that  the  artificial  lighting  of  mills  b 
a  field  which  offers  great  room  for  improvement,  and  that  it  is,  in 
itself,  a  special  branch  of  engineering. 

Electric  light  is  becoming  the  standard,  generally,  as  it  is  the 
most  convenient,  economical  and  safest  illuminant  available. 

There  are  two  principal  forms  of  electric  lamps,  arc  and  incan- 
descent, of  which  there  are  several  types.  Those  in  mast  common 
use  in  mills  are  as  follows:  arc — enclosed  carbon,  mercury;  incan- 
descent— ^tungsten,  tantalum,  carbon. 

There  are  a  great  many  systems  of  arc  lighting  in  use  and  some  of 

tlu^m  are  quite  satisfactory.     The  mercury  arc  is  used  to  a  certain 

extent  and  with  very  satisfactory  results  in  mills  making  white  goods 

exclusively. 

The  tungsten  lamp  is  the  most  efficient  of  the  incandescent  class 
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and  in  its  present  high  state  of  development  is  practically  free  from 
the  early  objections  to  its  use.  In  addition  to  its  eflSciency  the  quality 
of  the  light  is  vastly  superior  to  that  of  other  illuminants,  approaching 
most  nearly  the  ideal.  This  lamp  has  revolutionized  the  lighting 
situation  and  is  being  adopted  as  the  standard  of  best  practice  for 
the  incandescent  system. 

During  the  past  few  years  more  attention  and  study  have  been 
given  to  the  proper  arrangement  of  lighting  systems.  Reflectors 
have  been  developed  to  meet  specie;!  needs  and  as  a  result  the  more 
recent  installations  are  superior  in  every  way  to  the  older  ones. 

There  is,  however,  a  great  diversity  of  opinion  among  the  mill 
owners  as  to  the  best  system  to  adopt  and,  as  stated  before,  there 
is  room  for  great  improvement. 

The  operative  should  be  taken  into  account  in  developing  any 
system  of  illumination.  As  the  light  is  provided  for  his  use,  his  needs 
should  be  given  every  consideration. 

Lamps  hanging  low,  which  can  be  adjusted  by  the  operative,  should 
be  avoided.  Not  only  is  he  liable  to  experiment  with  the  lamp  in 
this  position  and  waste  time,  but  he  may  also  interfere  with  the  light 
and  work  of  other  operatives.  The  lamps  should  be  so  arranged  as 
to  give  uniform  illumination,  avoid  shadows  as  far  as  possible,  and 
particular  attention  should  be  given  to  the  requirements  of  each 
machine. 

White  walls  and  ceilings  are  advantageous  and  add  to  the  eflfective- 
ness  of  the  distribution  of  light.  In  cases  of  systems  of  individual 
drive  it  is  possible  to  keep  the  walls  and  ceilings  cleaner  than  with 
the  group  system  or  mechanical  drives. 

On  account  of  glare,  low  exposed  units  should  be  avoided.  Where 
it  is  necessary  to  have  the  light  units  low,  reflectors  should  be  used 
which  will  entirely  conceal  the  filament  of  the  lamp.  In  such  cases, 
it  is  usually  desirable  to  have  in  addition  a  number  of  units  hung 
close  to  the  ceiling  to  provide  illumination  for  shafting,  where  there 
is  such,  and  to  overcome  the  effect  of  light  and  darkness. 

The  distributing  system  should  be  carefully  worked  out  in  order 
that  the  voltage  regulation  may  be  good.  Circuits  and  switching 
should  be  arranged  with  respect  to  the  different  processes  in  such  a 
way  as  to  eliminate  the  use  of  power  for  lighting  in  sections  which 
are  not  in  operation.  This  should  also  be  laid  out  so  that  the  central 
portions  of  the  mill  may  be  lighted  independently  of  the  portions  next 
the  walls.  This  is  particularly  important  in  wide  mills,  but  does  not 
*^PPly>  ^f  course,  to  upper  stories  or  to  one-story  buildings  with  saw 


1002  DEVELOPMENT  OF  TEXTILE  INDUSTRIES 

tooth  skylights  in  which  light  is  required  all  over  the  room  at  practi- 
cally the  same  time. 

Charles  T.  Plunkett,  chairman  of  the  meeting,  said  that  in 
closing  he  would  like  to  call  attention  to  several  paragraphs  wliich 
might  be  of  some  assistance  in  the  consideration  of  the  paper. 

As  to  the  importance  of  the  textile  industry,  shown  in  Tables  1,  2 
and  3,  taken  from  the  census  of  1900,  and  for  more  recent  figures, 
approximately  20  to  25  per  cent  may  be  added  to  the  increase  of  the 
spindleage  in  Great  Britain,  and  in  the  United  States  about  40  per 
cent.  Hie  spindleage  of  Great  Britain  is  not  languishing,  where 
within  40  miles  of  Manchester,  in  and  about  Lancashire,  there  are 
twice  as  many  spindles  as  in  the  United  States.  In  Russia  there 
are  now  nearly  one-quarter  as  many  spindles  as  in  the  United  States, 
and  in  visits  to  some  of  these  mills  and  to  those  in  the  several  countries 
of  Europe,  almost  invariably  the  wages  paid  in  Russia  were  found 
to  be  practically  one-quarter  of  those  paid  in  America,  from  the  power 
plant  through  to  the  fijiishing  room.  In  Italy  it  is  about  one-third, 
in  Germany  50  per  cent,  and  in  Great  Britain  about  65  per  cent. 
This  does  not  indicate  exactly  the  difference  in  cost,  because,  with 
the  exception  of  Great  Britain,  there  is  less  machinery  attended  by 
an  operative.  In  Russia,  two  looms  seem  to  be  the  limit  of  capacity 
or  willingness,  and  the  same  is  true  in  Italy.  However,  in  the  latter 
country  a  modem  mill  was  found  entirely  of  concrete  construction, 
with  a  roof  of  sawtooth  type,  in  which  there  were  600  German 
looms  and  500  of  the  most  approved  automatic  looms,  8  of  the  latter 
being  nm  by  each  weaver. 

In  Germany,  and  in  all  of  these  countries,  in  fact,  the  carding  and 
spinning  machinery  is  largely  purchased  in  England.  Lancashire 
manufactures  nearly  all  of  the  machinery  of  this  class  used  in  Europe 
and  Asia. 

Mr.  Reynolds  has  spoken  of  the  disappearance  of  the  native 
American  labor.  That  was  very  true  in  this  industry  and  he  pre- 
sumed in  all  others.  Whereas  a  half  century  ago  the  labor  was 
American,  the  German  and  Irish  laborers  came  in  in  the  fifties  and 
sixties  and  were  the  principal  foreign-bom  operatives  at  that  time. 
The  French  Canadians  followed,  and  since  that  time,  Poles,  Greek 
and  Portuguese  have  largely  replaced  those  of  other  nationalities. 
This  is  a  disadvantage  in  that  those  accustomed  to  work  in  textile 
mills  have  the  slow  motion  of  the  continental  textile  worker  and  it 
is  very  difficult  to  accelerate  that  motion.  In  England  the  work  is 
nearly  as  rapid  as  here,  both  in  the  speed  of  machinery  and  in  the 
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movements  of  the  operatives  employed.  The  more  recent  employee 
is  also  less  interested  in  the  success  of  his  employer  than  his  pre- 
decessors were. 

With  regard  to  the  arrangement  of  machinery  in  buildings,  he  said 
he  had  recently  visited  a  mill  where  the  machinery  had  been  laid 
out  in  the  card  room,  completely  new  within  three  years.  By  a 
rearrangement  of  that  machinery  on  the  new  floor  space,  there  were 
20  per  cent  less  operatives  required,  which  illustrates  what  may  be 
done  by  the  engineer. 

There  are  opportunities,  as  the  author  says,  to  combine  some  of 
the  processes.  An  interesting  machine  seen  in  Germany  eliminated 
the  spooling  and  made  the  cost  much  less  than  with  the  spooling 
process.  The  lint  and  bits  of  leaves  were  thrown  from  the  yam  by 
the  ballooning  of  the  thread  between  the  bobbins  and  the  warper  creel 
rings.  The  warper  was  speeded  two  and  one-half  times  as  fast  as  any 
warper  built  for  spools  could  run. 

The  Germans  have  two  or  three  distinct  advantages  over  us,  their 
inherited  notions  of  economy,  and  the  benefit  of  numerous  technical 
schools  throughout  the  country.  Hundreds  and  thousands  of  young 
men  are  being  turned  out  every  year  who  know  how  to  study,  to 
investigate,  to  make  researches,  and  with  their  abounding  tenacity, 
to  make  a  success  of  their  undertakings.  For  these  reasons  the 
Germans  are  leading  in  many  of  the  engineering  callings  as  well 
as  in  the  industries,  and  in  none  of  them  more  than  in  the  providing 
of  satisfactory  machinery  for  the  manipulation  of  cotton  waste. 
This  loss  is  the  most  serious  that  the  mills  have  to  contend  with  and 
no  other  country  has  made  such  progress  as  Germany  in  this  direc- 
tion. Millions  of  pounds  of  cotton  waste  are  being  exported  by  this 
country  to  Germany  each  year,  to  be  made  into  fabrics,  some  of  which 
come  back  again.  England  is  exporting  twice  or  three  times  as  much, 
and  is  just  waking  up  to  the  fact  that  the  Germans  are  meeting  them 
in  all  the  markets  of  the  world  with  a  fabric  made  from  their  own 
waste.  The  character  of  the  waste  finally  shipped  from  the  German 
mills  is  very  nearly  a  fertilizer;  there  is  scarcely  a  fiber  in  it 
which  would  be  of  any  use.  The  development  of  machinery  for  the 
utilization  of  what  is  now  cotton  mill  waste  is  a  broad  and  important 
field. 

The  managers  of  the  textile  industries  do  not  profess  to  have  such 
technical  knowledge  as  the  engineers,  but  have  nevertheless  a  prac- 
tical knowledge  of  their  power  plants,  the  operation  of  which  is  their 
third  largest  expense. 

The  author  did  not  desire  to  present  a  closure. — Editor. 
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AIR  CONDITIONING 

By  Willis  H.  Carrier,  Buffalo,  N.  Y. 

Associate  Member  of  the  Society 

A  specialized  engineering  field  has  recently  developed,  technically 
known  as  air  conditioning,  or  the  artificial  regulation  of  atmospheric 
moisture.  The  application  of  this  new  art  to  many  varied  industries 
has  been  demonstrated  to  be  of  greatest  economic  importance.  When 
applied  to  the  blast  fmnace,  it  has  increased  the  net  profit  in  the  pro- 
duction of  pig  iron  from  $0.50  to  $0.70  per  ton,  and  in  the  textile 
mill  it  has  increased  the  output  from  5  to  15  per  cent,  at  the  same 
time  greatly  improving  the  quality  and  the  hygienic  conditions 
surrounding  the  operative.  In  many  other  industries,  such  as  litho- 
graphing, the  manufacture  of  candy,  bread,  high  explosive  and 
photographic  films,  and  the  drying  and  preparing  of  delicate  hygro- 
scopic materials,  such  as  macaroni  and  tobacco,  the  question  of 
himiidity  is  equally  important.  While  air  conditioning  has  never 
been  properly  applied  to  coal  mines,  the  author  is  convinced  that  if 
this  were  made  compulsory,  the  greater  number  of  mine  explosions 
would  be  prevented. 

2  Although  of  so  much  practical  as  well  as  scientific  importance 
the  laws  governing  many  of  the  phenomena  of  atmospheric  moisture 
are  but  partially  understood,  while  the  present  engineering  data 
pertaining  thereto  are  both  inaccurate  and  incomplete.  Accepted 
data  used  in  psychrometric  calculations  are  based  largely  on  empirical 
formulae,  which  are  incorrect  as  well  as  limited  in  their  range.  Recent 
investigators  have  determined  the  most  important  properties  of 
water  vapor  with  final  accuracy.  At  the  same  time,  sufficient 
error  has  been  shown  in  previous  steam  data,  especially  at  atmospheric 
temperatures,  to  warrant  the  revision  of  all  calculations  based  thereon. 
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3  It  is  the  purpose  of  this  paper  to  apply  these  final  data  to  the 
development  of  rational  formulae  for  the  solution  of  all  problems 
pertaining  to  the  phenomena  of  atmospheric  moisture  as  related  to 
psychrometry  and  to  air  conditioning.  Original  data  are  given  in 
proof  of  fundamental  relations  as  well  as  in  determination  of  eaors 
in  standard  psychrometric  instruments.  The  author  hopes  these 
results  may  prove  to  be  of  permanent  value. 

4  In  order  to  establish  a  logical  basis  for  the  presentation  of  these 
data  and  the  derivation  of  the  rational  formulae,  the  established 
principles  and  laws  governing  atmospheric  moisture  will  be  reviewed 
and  the  present  methods  of  determining  atmospheric  humidity  dis- 
cussed. 

VAPOR  PRESSX7RB  AND  LAW  OF  PARTIAL  PRESSURES 

5  Water  vapor  exists  in  the  air  purely  as  a  mixture  in  relation  to 
its  other  elements.  This  vapor,  according  to  Dalton's  law,  is  capable 
of  exerting  a  certain  maximum  vapor  pressure  dex)endent  entirely  on 
its  temperature  and  regardless  of  the  presence  of  other  gases  or  vapors. 
For  example,  assume  1  cu.  ft.  satiu'ated  with  vapor  of  alcohol  at  100 
deg.  cent,  having  a  vapor  pressiu'e  of  1697.6  mm.,  and  add  isother- 
mally  to  this  1  cu.  ft.  saturated  with  water  vapor  at  100  deg.  cent,  hav- 
ing a  vapor  pressiu'e  of  760  mm.  This  will  give  1  cu.  ft.  of  the  mix- 
tiu'e  saturated  with  both  water  vapor  and  alcohol  vapor  at  100 
deg.  cent.,  having  as  a  total  pressure  the  sum  of  the  two  separate 
saturated  vapor  pressures,  or  2457.6  mm.  Similarly,  an  equal 
volume  of  a  third  saturated  vapor  might  be  added  without  afifecting 
the  other  two.  But  if,  on  the  other  hand,  it  is  attempted  to  niclude 
isothermally  an  additional  amount  of  either  of  the  saturated  vapors, 
a  corresponding  condensation  of  the  particular  vapor  added  would 
result.  In  the  same  manner,  an  unlimited  amount  of  a  gas,  such  as 
air,  could  be  added  isothermally  to  a  cubic  foot  of  water  vapor  with- 
out affecting  its  condition  of  saturation,  giving  a  combined  pressure 
equal  to  the  gas  pressure  plus  the  vapor  pressure. 

6  The  established  temperature-pressure  relationship  of  saturated 
water  vapor  is  shown  by  curve  (1)  on  the  charts,  Figs.  1  and  2. 
This  is  the  well-known  temperature-pressure  curve  of  st^eam. 

PARTIAL  SATURATION 

7  When  the  temperature  of  a  definite  weight  of  saturated  vapor 
is  increased   isobarometrically,   it  is  said  to  be  superheated.    Its 
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specific  volume  is  increased,  in  accordance  with  the  law  of  gases, 
in  direct  proportion  to  the  increase  of  absolute  temperature,  while 
its  density  is  changed  in  an  inverse  proportion,  as  shown  in  Fig.  3; 

that  is,  rT  =  7«^»  where  Di  and  Dj  are  the  densities  corresponding 

to  the  absolute  temperatures  Ti  and  7^,  respectively,  and  {Ti  —  Ti) 
is  the  degree  of  superheat.    If  L/z  is  the  density  of  saturated  vapor  at 

temperature  T2,  then  the  ratio]—  is  said  to  be  the  per  cent  of  satura- 

yj  2 

tion,  or  more  exactly,  the  per  cent  of  isothermal  satiu'ation.     When 

these  relationships  are  considered  with  respect  to  water  vapor  in 


Fig.  3    Temperature-Density  Diagram 

air,  this  ratio  is  termed  the  per  cent  of  relative  humidity,  while  the 
densities  Di,  A,  D'iy  etc.,  customarily  expressed  in  grains  of  moisture 
per  cubic  foot,  are  termed  absolute  humidities. 


DEWPOINT 

8  It  should  be  noted  that  although  the  total  weight  of  the  water 
vapor  remains  the  same,  the  absolute  hmnidity  D2  is  less  than  the 
absolute  humidity  Di.  However,  if  water  vapor,  or  air  containing 
water  vapor,  having  a  temperature  T2  and  an  absolute  humidity  of 
Dj,  be  cooled  to  Ti,  it  will  become  saturated,  and  if  cooled  further, 
moisture  will  be  precipitated.  Therefore  Ti  is  termed  the  dewpoint 
of  air  having  a  temperature  T2  and  an  absolute  humidity  D2,  or  a 

corresponding  relative  humidity  =—•     Therefore,  the  dewpoint  may 

D  2 
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be  defined- as  the  minimum  temperature  to  which  air  of  a  f^y&i 

moistiu'e  content  may  be  cooled  without  precipitation  of  moisture. 

9    Usually  it  is  more  convenient  to  determine  the  absolute  and 

relative  humidities  from  the  temperature-pressure  curve  by  comparing 

the  vapor  pressures.  The  per  cent  of  hmnidity  is  =-f ,  but  it  may  also 
be  shown  to  be  equal  to  -f ,  i.e. 

Per  cent  humidity  =  T  =  77 1*1 

6 1        //a 

where  ei,  is  the  pressure  of  saturated  vapor  corresponding  to  the  dew 
point  Tif  and  e^t  is  the  vapor  pressure  at  saturation  corresponding  to 
temperature  Tf.    It  also  follows  that 


Z),=  Z)'.x4' '2] 


6  s 


METHODS  OF  MEASURING  ATMOSPHERIC  HUBflDlTT 

10  Determinations  of  atmospheric  moisture  may  be  made  by 
four  distinct  methods,  chemical,  hygroscopic,  dewpoint,  and  evap- 
orative or  psychrometric. 

11  Dewpoint  Method.    The  dewpoint  method  was  first  brought 
into  use  by  Daniels  and  by  Regnault,  and  adopted  by  the  United 
States  Weather  Biu'eau  in  the  determination  of  the  values  used  in 
their  psychrometric  tables.    The  dewpoint  is  measured  directly  by 
observing  the  temperature  at  which  moistiu'e  begins  to  form  upon  an 
artificially  cooled  mirror  surface.    Determination  by  this  method  is 
extremely  delicate  and  when  suitable  precautions  are  taken,  is  con- 
sidered very  accurate.    However,  it  is  questionable  whether  the  true 
dewpoint  is  ever  quite  as  low  as  indicated  by  this  method.    The 
temperature  is  usually  taken  by  a  thermometer  placed  in  a  thin 
silver  tube  filled  with  sulphuric  ether  or  other  volatile  liquid,  which 
produces  cold  by  evaporation.     The  temperature  of  the  exterior  of 
this  tube  is  undoubtedly  at  the  true  dewpoint,  but  it  is  questionable 
whether  the  thermometer  at  the  center  of  the  tube  registers  this  dew- 
point  with  absolute  accuracy.    The  exterior  surface  of  the  tube  must 
often  be  cooled  25  or  even  50  deg.  below  atmospheric  temperature 
in  order  to  reach  the  dewpoint. 

12  In  any  case  a  considerable  quantity  of  heat  must  pass  through 
the  tube  to  the  cooling  medium  from  the  external  air  by  convection, 
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and  to  a  less  extent  from  external  objects  by  radiation.  The  internal 
resistance  to  the  transfer  of  heat  of  a  thin  plate  of  metal;  forming  the 
wall  of  the  tube,  is  in  itself  negligible;  however,  as  any  one  who  has 
studied  the  subject  of  heat  transmission  will  recognize,  the  surface 
resistances  are  appreciable.  On  the  outside  there  is  the  resistance  of 
the  surface  exposed  to  the  water  vapor  at  low  tension  and  on  the 
inside  the  more  considerable  resistance  of  the  liquid  surface.  There 
b  therefore  every  reason  to  believe  that  the  interior  ether  is  at  a 
slightly  lower  temperature  than  the  exterior  dewpoint.  This  con- 
clusion confonns  with  conditions  demonstrated  by  other  observers 
in  tests  upon  the  temperature  of  the  exterior  of  radiating  or  convect- 
ing  surfaces.  The  extreme  acciu'acy  of  the  results  obtained  by  the 
dewpoint  method  at  high  temperatures  and  low  humidities  would, 
therefore,  seem  greatly  in  question. 

13  Evaporative  or  Psychromelnc  Method.  The  evaporative  or 
psychrometric  method  has  not  heretofore,  to  the  writer's  knowledge, 
been  definitely  accepted  as  an  absolute  means  of  moisture  determina- 
tion, but  as  will  be  demonstrated,  is  independent  of  and  preferable 
to  all  other  methods  in  scope  and  accuracy.  It  is  of  special  inter- 
est in  relation  to  the  art  of  air  conditioning,  because  the  same  funda- 
mental phenomena  are  involved  and  subject  to  the  same  theory^ 
It  is  of  service  not  only  in  the  art  of  air  conditioning,  but  also  as 
a  departure  in  the  science  of  meteorology.  It  provides  a  method, 
remarkable  for  simplicity  and  accuracy,  for  the  determination  of  the 
specific  heat  of  air,  which  present  methods  have  failed  to  establish, 
within  an  unquestioned  accuracy  of  2  per  cent. 

14  This  method  of  moisture  determination  depends  upon  the 
cooling  effect  produced  by  the  evaporation  of  moisture  in  a  partially 
saturated  atmosphere.  This  is  usually  measured  by  covering  the 
bulb  of  an  ordinary  mercurial  thermometer  with  a  cloth  or  wick 
saturated  with  water  and  comparing  its  temperatiu'e  with  that  of 
a  thermometer  unaffected  by  evaporation,  The  covered  bulb  is 
termed  the  wet-bulb  thermometer,  and  the  difference  between  the 
wet-  and  dry-bulb  readings  is  termed  the  wet-bulb  depression.  The 
temperature  of  the  wet  bulb  is  affected  in  a  measure  by  radiation  from 
surrounding  objects.  It  is  therefore  very  susceptible  to  air  currents 
which  serve  to  increase  the  evaporation  and  therefore  decrease  the 
percentage  of  error  due  to  radiation.  On  this  account,  the  earlier  and 
more  convenient  form  of  hygrometer  using  a  stationary  wet  bulb  is 
very  unreliable,  considerable  correction  being  necessary  for  radiation. 
The  sling  psychrometer  advocated  by  the  United  States  Weather 
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Bureau  overcomes  this  error  to  a  great  extent  by  increasiiig  the  venti- 
lation and  consequent  rate  of  evaporation  to  such  a  d^ree  that  the 
heat  received  by  radiation  becomes  a  small  percentage  of  the  total 
heat  transformation. 

15  The  most  reliable  tables  based  on  the  stationary  wet-bulb 
hygrometer  are  those  by  James  Glaisher  (1847.)*  The  tables  of  the 
United  States  Weather  Bureau,  based  upon  an  empirical  fonnola 
deduced  by  Prof.  Wm.  Ferrel  from  simultaneous  determinations  with 
the  sling  paychrometer  and  the  dewpoint  instrimient,  are  more  reli- 
able and  are  now  generally  used.  The  limitations  of  this  formula  are 
admitted,  since  it  is  held  to  be  correct  only  over  the  range  of  observa- 
tion from  which  it  was  deduced,  including  simply  temperatures 
below  120  deg.  fahr. 

16  Professor  Ferrel's  formula  as  given  in  the  tables  of  the  United 
States  Weather  Bureau  is 

6  -  e'-  (0.000367  P)  (t  -  t')  (l  +  ^^^ 

where 

e    =  partial  pressure  of  the  moisture  in  the  air,  which  also 

=  vapor  pressure  corresponding  to  the  dewpoint 
e'  =  the  vapor  pressure  corresponding  to  saturation  at  wet- 
bulb  temperature  t^ 
P  =  the  barometric  pressure 
t     =  dry-bulb  temperature  in  deg.  fahr. 
t'    =  wet-bulb  temperature  in  deg.  fahr. 

17  The  temperature  of  the  dewpoint  is  found  by  selecting  the 
temperature  corresponding  to  the  pressure  6,  from  the  temperature- 
pressure  diagram  or  table.     The  per  cent  of  relative  humidity  is 

fl  =  — ,  where  et  is  the  vapor  pressure  corresponding  to  the  dry-bulb 

€t 

temperature  t,  as  previously  demonstrated.  The  absolute  humidity 
expressed  in  grains  of  moisture  per  cubic  foot  is  then  determined  by 
multiplying  the  grains  of  moisture  per  cubic  foot  corresponding  to 
saturation  at  dry-bulb  temperature  by  the  per  cent  of  relative  humid- 
ity thus  determined. 

18  The  writer  would  substitute  for  such  an  empirical  formula 
a  rational  one,  having  a  thermodynamic  basis,  that  is,  a  formula 
depending  upon  the  transformation  of  sensible  heat  into  latent  heat 
in  the  adiabatic  saturation  of  dry  air. 

•  Phil.  Trans.  Royal  Soc,  1851,  p.  141. 
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19  EQstorically,  it  is  of  interest  to  note  in  this  connection,  that 
fames  Apjohn^  propounded  in  1836  this  same  theory  of  wet-bulb 
^mperature.  However,  he  was  unable  to  establish  the  correctness 
>f  his  assimiptions,  partly  because  the  data  then  extant  regarding  the 
specific  heat  of  air  and  the  latent  heat  of  water  vapor  were  inaccurate, 
^ut  more  particularly  because  he  assimied  the  temperature  indicated 
by  the  stationary  wet-bulb  thermometer  which  he  used  to  be  the 
true  temperature  of  evaporation,  while  as  a  matter  of  fact,  it  is  con- 
siderably higher,  owing,  as  we  have  shown,  to  the  effect  of  radiation 
upon  the  stationary  wet  bulb. 

20  The  author  first  observed  that  the  wet-bulb  temperature 
^ven  in  the  psychrometric  tables  of  the  United  States  Weather  Bu- 
reau agreed  substantially  with  the  computed  temperature  at  which 
air  of  a  known  temperature  and  moisture  content  would  become 
saturated  adiabatically,  i.e.,  without  the  addition  or  subtraction  of 
heat.  These  calculations  were  made  by  the  writer  in  1903,  in  deter- 
mining the  moisture-absorbing  capacity  of  air  in  connection  with  the 
fan  systems  of  drying.  Subsequently,  this  relationship  was  still  fur- 
ther investigated  and  thoroughly  established  in  connection  with  the 
system  of  air  conditioning  introduced  by  the  writer. 

21  Tests  upon  progressive  fan-system  dry  kilns  in  1904  disclosed 
the  fact  that  the  wet-bulb  temperature  was  substantially  the  same 
in  all  parts  of  the  kiln  regardless  of  the  drop  in  temperatiu'e  due  to 
moisture  absorption,  a  phenomenon  which  logically  results  from  the 
identity  of  the  wet-bulb  temperature  and  the  temperature  of  adia-  ^ 
batic  saturation.  | 

PSYCHROMETRIC   PRINCIPLES 

22  The  following  principles  underlie  the  entire  theory  of  the  evapo- 
rative method  of  moisture  determination,  as  well  as  of  air  conditioning: 

(A)  When  dry  air  is  saturated  adiabaticcJly  the  temperature 
is  reduced  as  the  absolute  humidity  is  increased,  and  the 
decrease  of  sensible  heat  is  exactly  equal  to  the  simultaneous 
increase  in  latent  heat  due  to  evaporation. 

(B)  As  the  moisture  content  of  air  is  increased  adiabatically 
the  temperature  is  reduced  simultaneously  until  the  vapor 
pressure  corresponds  to  the  temperature,  when  no  further 
heat  metamorphosis  is  possible^  This  ultimate  temperature 
may  be  termed  the  temperature  of  adiabatic  saturation. 

I  Irish  Academy  Trans.,  vol.  17,  pp.  275-282,  1837. 
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(C)  When  an  insulated  body  of  water  ia  permiUed  to  evaporaU 
freely  in  tiie  air,  it  aaeumea  the  temperature  of  adiabatic 
saturation  of  that  air  and  is  unaffected  by  corwedm; 
i.e.,  tiie  true  wet-bulb  temperature  of  air  is  identical  wUh  its 
temperature  of  adiabatic  saturation. 

23  From  these  three  fundamental  principles  there  may  be  deduced 
a  fourth: 

(D)  The  true  wei-bvJb  temperature  of  the  air  depends  entirely 
on  the  total  of  the  sensible  and  the  latent  heat  in  the  air  and 
is  independent  of  their  relative  proportions.  In  other  word^, 
the  wet-bulb  temperature  of  the  air  is  constant,  providing  the 
total  heat  of  the  air  is  constant. 

24  A  statement  of  the  experimental  demonstration  of  these  four 
principles  is  given  in  Appendix  No.  1. 

APPLICATION   OP    THE    EVAPORATION    CALORIMETER    TO    THE    DETER- 
MINATION OF  THE  SPECIFIC  HEAT  OF  AIR 

25  In  consequence  of  the  psychrometric  principles  A,  -B  and  0 
the  moisture  content  of  air  from  accurate  psychrometric  readings 
may  be  easily  computed,  provided  the  required  temperature  is  known, 
as  well  as  the  density  relations  in  a  mixture  of  pure  air  and  saturated 
water  vapor,  and  also  the  exact  latent  heat  of  water  vapor,  and  the 
specific  heat  of  air  and  of  water  vapor  at  any  temperature. 

26  No  novelty  is  claimed  for  this  method  since  the  writer  found, 
while  preparing  this  paper,  that  this  very  means  had  been  proposed 
by  James  Apjohn.  However,  it  does  not  seem  to  have  been  taken 
very  seriously  by  contemporary  scientists  since  it  was  never  properly 
developed.  Moreover,  the  details  of  his  method  were  such  as  to 
make  it  worthless. 

27  This  method  consists,  first,  in  bringing  a  continuous  supply  of 
air  close  to  saturation,  where  its  moisture  content  can  be  determined 
with  great  accuracy  by  means  of  a  wet-  and  dry-bulb  thermometer 
and  applying  the  rational  psychrometric  formula  [3]  assuming  an 
approximate  value  for  the  specific  heat;  second,  in  heating  this  cur- 
rent of  air  of  known  moisture  content  to  any  desired  amount  and 
taking  the  wet- and  dry-bulb  readings  as  in  experiment  No.  2,  Appen- 
dix No.  1.  By  applying  the  rational  psychrometric  formula  derive(i 
in  Pars.  45-53,  we  have 
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^^  ^^- jpziT) I3J 

where 

Cpa  ~  mean  specific  heat  of  ah:  of  constant  pressure  between 

temperatures  i  and  V 
Cpm  =  mean  specific  heat  of  water  vapor  between  temperatures 

<and  t' 
t      =  temperature  of  the  dry  bulb 
t'     =  temperature  of  the  wet  bulb 
r'     =  latent  heat  of  water  vapor  corresponding  to  t' 
W   =  weight  of  water  vapor  actually  contained  in  1  lb.  of  dry 

air;  i.e.,  it  is  the  ratio  of  the  weight  of  water  vapor  to 

the  weight  of  air  in  the  mixture 
W  =  weight  of  water  vapor  contained  in  1  lb.  of  dry  air  at 

saturation  at  temperature  t' 

W'=~-, 14] 

• 

where 

S  =  specific  weight  of  water  vapor 

P  =  barometric  pressure 

e'  =  vapor  pressure  at  t'  in  inches  of  mercury 

DERIVATION  OF  A  RATIONAL  PSYCHROMETRIC  FORMULA 

28  As  already  pointed  out,  it  is  possible  to  derive  a  rational  psy- 
chrometric  formula  based  on  the  fundamental  principles,  Aj  B  and 
C. 

29  In  considering  the  interchanges  of  heat  occurring  in  psychro- 
metric  phenomena,  it  is  essential  to  consider  primarily  the  relative 
weights  of  dry  air  and  of  water  vapor  rather  than  the  usual  density- 
temperature  relationship;  that  is,  it  is  necessary  to  express  moisture 
content  as  weight  of  water  vapor  per  pound  of  pure  air,  rather  than  as 
weight  of  water  vapor  per  cubic  foot  of  space.  Moreover,  this  rela- 
tionship is  much  more  adaptable  to  all  of  the  usual  calculations  in 
air  conditioning  and  in  meteorology.  The  author,  accordingly,  has 
constructed  all  his  formulae  and  psychrometric  charts  upon  this  basis. 
In  the  deduction  of  the  formulae  and  in  the  construction  of  the  accom- 
panying charts,  the  following  fundamental  data  were  employed: 

a  Standard  barometric  pressure  =  29.92  in.  mercury  =  14.6963 
lb.  per  sq.  in.  =  2116.3  lb.  per  sq.  ft. 
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b  Absolute  temperature  =  <  +  459.64  deg.  fahr. 
c  B.t.u. 

_heat  required  to  raise  1  lb.  of  water  from  32**  to2iy 

180 
d  Mechanical  equivalent  of  heat  =  777.52  ft-lb. 
e  Specific  volume  of  air  =  weight  of  1  cu.  ft.  of  pure  air  at 
32  deg.  fahr.  and  29.92  in.  barometric  pressure  =  0.080728 

lb.  per  cu.  ft.    Therefore—^  =53.35. 

/  Instantaneous  specific  heat  of  air^ 

Cp.  =  0.24112  +  0.000009  t  deg.  fahr. 
g  Vapor  pressure,  Holbom  and  Henning's  modification  of 

the   Theisen    formula   {t  +  495.6)    log    .r^  =  5.409 

14.70 

{i  -  212)  -  3.71  X  10-"  [(689  -  0'- (477)^],  as  calculated 

in  tables  of  Marks  and  Davis  (1909) 
h  Specific  volume  of  steam  as  calculated  in  steam  tables  of 

Marks  and  Davis*  (1909) 
i  Latent  heat  of  water  vapor* 

r  =  141.124  (689  -  t)  ^'^^^^  (t  =  deg.  fahr.) 

r  =  1091.16  -  0.56  i. 

(approximately  between  40  and  150  deg.  fahr.) 
j  Instantaneous  specific  heat  of  water  vapor  (approximately) 

Cp,  =  0.4423  +  0.00018  t  deg.  fahr. 
k  Specific  weight  of  water  vapor  at  saturation  for  any  pres- 
sure and  temperature 

^  __  specific  volume  of  air 
specific  volume  of  steam 

30  With  respect  to  the  reliability  of  these  data,  those  on  the  latent 
heat  of  steam  may  be  accepted  as  absolute  within  0.1  per  cent, 
since  the  agreement  of  recent  investigators  seems  to  have  established 
the  present  values  beyond  question.  Strange  to  say,  however,  the 
specific  heat  of  air,  as  already  pointed  out,  has  not  been  established 
with  accuracy  within  2  per  cent.  Regnault  gives  it  as  a  constant 
Cp  =  0.2375,  and  this  value  has  generally  been  accepted.  However, 
Holborn  and  Hcnning,  whose  valuable  determinations  in  steam  are 

1  W.  F.  G.  Swann,  Phil.  Trans.  Royal  Soc,  series  A,  vol.  210,  pp.  199-238, 
1909. 

2  Harvey  N.  Davis,  Trans.  Ara.Soc.M.E.,  vol.  30,  p.  750,  1908. 
'  C.  H.  Peabody,  Trans.  Am.Soc.M.E.,  vol.  31,  p.  334, 1909. 
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well  known,  have  demonstrated  it  to  be  a  variable.  For  nitrogen 
they  give  a  value  C(o-t)  =  0.2350  +  0.000019  t  (t  in  deg.  cent.), 
a  straight-line  relationship,  although  for  superheated  vapors  they 
find  equations  of  a  higher  degree.  If  their  values  were  accepted  at  at- 
mospherio  temperatures  we  would  have  a  specific  heat  for  air  consider- 
ably lower  than  that  given  by  Regnault,  while  psychrometric  evidence 
seems  to  indicate  that  it  would  be  considerably  higher  at  such  temper- 
atures. The  most  reliable  of  recent  determinations  would  seem  to 
be  that  of  W.  F.  G.  Swann.^  In  his  paper  he  points  out  a  defect  in 
the  method  of  Regnault  which  would  account  for  the  latter's  value 
being  too  low.  The  values  given  by  Swann  have  therefore  been 
adopted  in  this  paper;  although  they  appear  still  to  require  confirma- 
tion, since  there  would  seem  to  be  considerable  opportunity  for  error 
in  the  method  of  air  measurement  used  in  his  experiments. 

31  The  equation  given  for  the  specific  heat  of  steam  at  low  tem- 
peratures seems  to  agree  fairly  well  with  modem  experimental  data. 
Extreme  accuracy  is  not  pretended,  nor  is  this  essential  at  lower 
temperatures,  since  under  150  deg.  the  total  heat  value  of  the  air 
is  affected  only  2  per  cent  at  most  by  the  specific  heat  of  the  water 
vapor.  The  values  given  by  this  equittion,  however,  are  undoubtedly 
more  nearly  correct  at  lower  temperatures  than  the  usual  value, 
C  =  0.48. 

32  The  psychrometric  charts,  Figs.  1  and  2,  are  constructed 
accurately  from  the  foregoing  data.  Fig.  2  exhibits  all  psychrometric 
relationships,  between  the  temperatures  of  20  deg.  and  350  deg.  and 
saturation  temperatures  up  to  143  deg.  Fig.  1  gives  the  same  values 
between  temperatures  20  deg.  and  110  deg.  arid  saturation  tempera- 
tures to  95  deg.  These  charts  are  here  shown  to  a  greatly  reduced 
scale.  In  its  original  form.  Fig.  1  permits  the  reading  of  both  the 
wet- and  dry-bulb  temperatiu-es  to  an  accuracy  of  0.1  deg.  and  of 
the  moisture  weight  per  pound  of  air  to  0.2  grains.  All  calculations 
have  been  made  with  accuracy  to  five  significant  figures  by  means 
of  a  Thatcher  slide  rule. 

SATURATION   CURVE 

33  The  saturation  curve,  Fig.  2,  expressed  in  grains  of  moisture 
per  pound  of  air,  was  computed  from  the  formula 

»  Phil.  Trans.  Royal.  Soc,  sorien  A.  vol.  210,  pp.  109-238, 1909. 
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^     5284  (t  +  469.64)  D,  ,., 

^= P^e ^^^ 

where 

G^  grains  of  moisture  per  lb.  of  pure  air  at  saturation 
t  =  temperature  of  saturation  in  deg.  fahr. 
t  +  459.64  »  absolute  temperature 

Du^"  density  in  lb.  per  cu.  ft.  of  saturated  water  vapor  at  tem- 
perature t 
=  reciprocal  of  specific  volume  of  steam 
P  =  29.92= assumed  standard  of  barometric  pressure  in  in. 

of  mercury 
e  =  vapor  pressure  of  saturated  water  vapor  in  inches  of 
mercury 
5284  —  constant  of  the  equation 
The  derivation  of  equation  [5]  is  given  in  Appendix  No.  2. 

34  The  specific  weight  of  saturated  water  vapor  is  not  constanti 
but  varies  with  the  temperature  of  saturation  and  may  be  calculated 
from  equation  [1].  The  theoretical  value,  computed  from  its  mole^ 
ular  weight,  assuming  it  to  be  a  perfect  gas,  is  0.6221.  This  is  the 
assumption  made  in  the  compaitation  of  the  psychrometric  tables 
published  by  the  United  States  Weather  Bureau,  which  are  inaccurate; 
therefore,  in  proportion  to  the  variation  of  S  from  this  theoretical 
value.  The  actual  values  for  the  specific  weight  of  water  vapor  at 
various  saturation  temperatures,  computed  from  equation  [37]  are 
given  in  Table  1. 

35  The  specific  weight  of  water  vapor  may  also  be  given  independ- 
ent of  the  density  as 

S  =  0.6221  +  0.001815  V7+  0.0000051  V^? 
Hence 

^     7000  (0.6221e  +  0.00182  1^?+  0.000C051  l^?) 

Cr  =  =r 

P  -e  _ 

At  atmospheric  temperature  the  term  0.0000051  V  c*  is  negligible. 
Hence 

7000  (0.622Ie+  0.00182  V^) 


G  = 


P  -e 


CONSTRUCTIONS    OF    ADIABATIC    SATURATION    LINES 

36  As  shown  in  Par.  22  any  adiabatic  change  involvmg  moisture 
content  and  temperature  of  air  may  be  expressed  by  equating  the 
change  in  total  specific  heat  to  the  corresponding  change  in  latent 
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heat.  It  may  also  be  expressed  by  equating  the  total  heat  contained 
in  the  air  in  any  state  to  its  total  heat  when  in  the  state  of  adiabatic 
saturation.    By  either  of  these  two  methods,  given  in  Appendix 


TABLE  1    SPECIFIC  WEIGHT  OF  STEAM 


5- 


40 
50 
00 
70 
80 

00 
100 
110 
120 
180 

140 
150 
100 
170 
180 

IM 
200 


0.2477 
0.3025 
0.5220 
0.7380 
1.0280 

1.4170 
1.8200 
2.5880 
8.4380 

4  5200 

5  K300 
7.5700 
8.6500 

12.200 
15.280 

18.020 
23.47 


53.85  (1  +  458.6)  D^ 
144X0. 4808  < 


0.000410 
0.000587 
0.000828 
0.001148 
0.001570 

0002130 
0  002851 
0  003766 
0.004824 
0.006370 

0.008140 
0.010320 
0.012860 
0.016140 
0.018840 

0  024440 
0  028760 


0.6245 
O.tZiO 
0  6221 
0.6212 
0.6217 

0.6287 

0.08526 

0.6255 

0.62666 

0.6273 

0.6266 
0.6280 
0.6288 
0  6288 
0.6286 

0.6301 
0.6313 


0.6248 
0.6246 
0.6250 
0.6254 
0.6260 


0.1 

0.6278 

0.0280 

0.6288 

0.6286 

0.6807 
0.6316 


0.0021320 
0.0028482 
0.0037680 
0.0048140 
0.0068570 

0.0081400 
0  0103100 
0.012866 
0.016140 
0.018840 

0.024465 
0.028780 


1 

8 

^8 

CorrectMl 

1 

CorreoUd 

1 

0.6828 

0.0004088 

0.6231 

0.0005871 

0.6233 

0.0006286 

0.6236 

0.0011524 

0.6238 

0.0015765 

Grain* 

Molstim 

per  eu.  ft. 


2. 

4.1687 
4.4072 
8.0668 

11.0286 

14.8340 
18.8874 
86.8410 
84.8880 
44.4980 

86.8800 

72.1700 

80.6020 

112  8800 

188.6800 

171.2550 
208.4600 


No.  3,  the  relations  of  formula  [6]  are  established,  i.e. 

r'iW'-W)  =  Cp.  (t-tO'+  Cp.Tr«-  n [61 

in  which 

(<— 0  =  the  true  wet-bulb  depression 
( W—  TF)  =  the  moisture  absorbed  per  lb.  of  pure  air  when  it  is 
adiabatically  saturated  from  an  initial  dry-bulb  temper- 
ature ta  and  an  initial  moisture  content  W 
Cpt,  =  mean  specific  heat  of  air  at  constant  pressure  between 

temperature  t  and  t' 
C|M  =  specific  heat  of  steam  at  constant  pressure  between  t 
andr 
r'=  latent  heat  of  evaporation  at  wet-bulb  temperature  t' 

Knowing  any  two  of  the  three  important  values  of  t,  i'  or  TF,  we  may 
solve  for  the  third  or  for  any  other  required. relation. 
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37  Determinaiwm  of  Wei^jht  of  Moisture  in  1  Lb.  of  Pure  Air, 
hxainQ  a  Dry-Bvlb  Temperatwe  t  and  Wtt-Bvib  Temperalure  (. 
To  determine  the  equation  of  the  adiabatic  line  corresponding  to 
a  g^ven  saturation,  or  true  wet-bulb  temperature  t',  and  dry'buUi 
temperature  t,  we  have  from  equation  (6) 

1'^+  Cp.Ci  -  l')\W=  r'W-  C^{t  -f) m 


1  M  1  1  1 

' 

- 

^Di- Dfniity  in  lb percu.Ft. 
_r-Trmprrtlun.Fshr 
p-  Prtiturt  in  lb  prr iq,in 

/ 

1 

/ 

$ 

Eijuilion  of  con/t- 

rtO 

/ 

^  ' 

/ 

^ 

/ 

s 

y 

^ 

' 

>■ 

_ 

-*- 

Tia.  4    Spbcific  Wbioht  of  Stsam 

r'  +  C„((-«      '" 

38  The  diagonal  adiabatic  lines  in  the  charts,  Figs.  1  and  2, 
representing  saturation  or  wet-bulb  temperatures,  are  calculated 
from  this  formula.  It  should  be  observed  that  they  would  be  pe^ 
feotly  strught  if  it  were  not  for  the  element  C^  ((—  t'),  which  produca 
a  aliglit  curvature,  beccnning  more  pronounced  at  higher  aaturatkm 
tempentuTM.    Hie  dewpdnt  ti  corresponds  to  Tf  on  the  saturation 

curve.     The  slope  of  these  lines,  n^ectingCB,((—(0,  is  -t^-  ■» ^. 

This  will  always  ^ve  the  intercept  (  for  W  =  0. 

39  Wet-Bulb  Depression  and  Coding  Effect.    The  wet-bulb  depiw- 
1  or  cooling  effect  obtained  by  having  (  and  W  known  is 

r'  iW  -W)  ^ 

'  Ct^  +  C^W  " 
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40  Having  t  and  W  known,  t'  cannot  be  calculated  except  by  relat- 
ing 17  to  i  by  an  empirical  equation.  By  referring  to  the  psychro- 
metric  charts,  Figs.  1  and  2,  constructed  chiefly  for  that  purpose,  t' 
is  conveniently  determined.  The  cooling  effect  (t  —[(')>  to  be  obtained 
by  saturating  air  of  known  temperature  and  moisture  content,  is 
likewise  obtained  from  the  chart. 

41  Moisture' Absorbing  Capacity  of  Air,  For  determining  the 
moisture-absorbing  capacity,  or  moisture  deficit  of  air,  having  a 
known  temperature  and  moisture  content,  we  have  per  pound  of 
pure  air 

(W^—  W)  =  ^^p*"^^P'^^  (^~  ^^^  [IX] 

r' 

42  Per  Cent  Adiabatic  Saturation,  The  per  cent  of  adiabatic  satu- 
ration is 

or  if  we  neglect  Cp,  (M')  W 

K-i-C     ^'"^^  fl31 

W  ''  *"*  r'W  

43  Specific  Heat  of  Air,  The  equation  for  the  experimental  deter- 
mination of  the  specific  heat  of  air  by  the  evaporative  method  is 


r'iW'-WhzC^it-tOW 


C    =      ^>^       >^>>""^p»'^^'"^>^  ^  [24] 


44  For  engineering  purposes  however,  it  is  preferable  to  deter- 
mine any  unknown  value  directly  from  the  psychrometric  charts, 
which  afford  to  a  great  degree  of  accuracy  a  simple  graphic  solution 
of  any  problem  of  psychrometry. 

DBBIVATION  OF  THE  RATIONAL  PSYCHROMETRIC  FORMULA  FOR  VAPOR 

PRESSURE 

46  The  present  empirical  psychrometric  formula  in  use  by  the 
United  States  Weather  Bureau  was  first  deduced  by  Professor 
Ferrel/  while  the  constants  of  the  formula  were  deduced  from  a  series 

1  Annual  Report,  Ch.  Signal  Officer,  1886,  Appendix  24,  pp.  23^-250, 
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of  experiments  by  Professor  Marvin  and  Prof.  H,  A.  Hazen.  The 
error  in  Broch's  and  Regnault's  values  for  vapor  pressures  which 
they  adopted  alone  would  require  its  revision.     Moreover,  the  oppor- 
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tunity  for  error  in  their  methods  has  abeady  been  pointed  out. 
However,  considering  the  difficulties  of  their  experimental  method 
and  the  correction  necessary  for  radiation  in  the  wet-bulb  reading, 
the  results  obtained  are  remarkable  for  consistency  and  accuracy. 
There  are  errors  in  the  form  of  the  equation,  however,  as  well  as  in 
the  constants  employed,  which  make  its  inaccuracy  more  pronounced 
at  lower  humidities  and  at  the  higher  temperature.  At  very  high 
temperatures  used  in  mechanical  drying  it  is  entirely  inoperative. 

46  The  need  of  an  accurate  rational  psychrometric  formula  for 
vapor  pressures  using  modem  data  is  therefore  apparent.  The 
required  values  could  be  obtained  indirectly  from  the  formula  already 
given,  but  computation  is  facilitated  by  another  derivation  giving 
directly  the  vapor  pressure  e. 

47  In  equation  [8] 

let  t  be  the  dewpoint  corresponding  to  W,  and  e  the  vapor  pressure 
corresponding  to  W  in  inches  of  mercury.    Referring  to  equation  [4] 

Se 


W  = 


P-e 


By  substitution 


Sie 


P-e  r'  +  Cp.(<-0 

Solvmg  for  e 


■(p^)-c-('-rt 


e=P 


I 


L  (P-e')[r'+Cp.«-n  J 


S.  (P-  e')  [r'+  cut  - 1')]  +  [S'eY-  (P-  e')  C^t  -  t')  ] 


[16] 


(P-c')[r'+Cp.(<-n] 

Assuming  S'e'  =  SiCi,  this  simplifies  to 

r         SW- (P-e')  Cp.  (t - 1') ]  ,    , 

L-S. Pr'+  (S,Cp.-C7p.)  (P-e')(t - <') J 

At  100  deg. 

Si  Cp,-  Cp.  =  [  (0.623  X  0.46)  -  0.242]  =0.033 [18] 

Therefore  the  value  —  e  (<SiCp,  —  Cp.)  (t  —  t')is  ordinarily  negligible. 
Bimee  we  have 
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^     Sr'+"(SxCp.- Cpa)  (t-n ^  "^^ 

48  By  comparison  it  will  be  found  that  the  difference  between 
SY  and  Sr'  +  (Si  Cp,  —  Cpa)  (^  —^0  is  negligible.-  Hence  it  may  be 
assumed 

e^C-^^^^^tin (201 

For  r'  may  be  substituted  the  approximate  value  r'  =  1091.6  —  0.56 1' 
and  for  S'  the  value  S'  =  0.6215  +  0.000034  t'  (approximately). 
Hence 

^  =  ^'-_              Cp.(P-eO(t-0             _       •     ,211 
(0.6216 +  0.000034O  (1091.6 -0.56O 

678.4-0.301U'  '   ' 

and  if  Swaim's  value  of  0.24112  +  0.000009 1  is  accepted  for  the  value 
of  Cp.  as  in  the  charts 

""     ^      2803-1.329^' ^^ 

This  equation  has  been  carefully  tested  by  comparing  with  values 
of  the  psychrometric  coefficient  as  determined  by  means  of  the 
charts  as  shown  in  Table  2  and  Fig.  6.    This  shows  that  it  is  permissible 

^^  ''''' 2800-1.3 1'  ^^^hecoefficient  instead  of  2803-T.329 ^  ^^^^^^ 


2800- 1.3  <' 


e  =  e'  -  \. _.  : [241 


This  formula  will  give  values  of  e  for  all  wet-  and  dry-bulb  tempera- 
tures and  all  barometric  pressures  with  an  error  of  less  than  0.5  per 
cent,  assuming  the  chosen  value  of  Cpa  to  be  correct. 

49  This  equation  should  be  used  where  the  true  wet-bulb  tempera- 
ture is  obtained  as  in  the  aspiration  psychrometer.  W\t\i  the  ding 
psychrometer  a  correction  must  be  made  for  the  error  in  depression 
due  to  radiation  and  stem  correction.  By  referring  to  Fig.  7  showing 
the  per  cent  of  radiation  error,  it  is  seen  that  this  is  inversely  p^opo^ 
tional  to  the  velocity.  It  is  also,  of  course,  greatly  affected  by  tbe 
conditions  of  exposure,  i.e.,  whether  it  is  surrounded  on  all  four  sides 
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by  bodies  at  the  temperature  of  the  dry  bulb,  or  ooly  partly  by 
bodies  of  that  or  a  different  temperature.  The  effect  of  radiation  out- 
aide  of  an  enclosure  may  be  assumed  to  be  approximately  one-half  of 
that  vithin  an  enclosure. 
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Fio.  7  Pbtchbometric  Coepficient 
60  A  sling  psychrometer  15  in,  in  length  is  ordinarily  revolved 
between  150  and  225  r.p.m.  giving  a  velocity  between  1200  and  1800 
ft.  per  min.  This  will  give,  according  to  Fig.  7,  a  radiation  error  of 
3.6  to  1.75  per  cent  within  an  enclosure,  and  1.3  to  0,9  per  cent  with- 
out an  enclosure.     Hence  an  average  radiation  error  of  1.6  per  cent 
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of  the  wet-bulb  depression  may  be  arbitrarily  assumed.  The  wet- 
bulb  depression  given  by  the  sling  psychrometer  may  be  corrected  by 
this  amount  to  give  the  true  depression,  which  may  be  used  in  the 
foregoing  psychrometric  formula,  or  the  formula  itself  may  be  modified 
to  allow  for  this  error. 

51  If  this  formula  is  corrected  for  1.6  per  cent  radiation  error 

*^        2755-1.28<'    '^' 

for  the  sling  psychrometer. 

52  Using  the  true  wet-bulb  depression  in  formula  [24]|  letting  es 
be  the  vapor  pressure  corresponduig  to  saturation  at  the  dry-bulb 
temperature  t 

et      et      (2800-  1.8  0  et 

for  the  per  cent  of  relative  hmnidity. 

53  Let  W  be  the  grains  of  moisture  per  cu.  ft.  at  any  vapor  pres- 
siu-e  e,  and  Wif  grains  per  cu.  ft.  at  e^;  then 

Tr-(i2Tr.)--|^6-  2800 -1.3/' J ^^ 

also 

/460+j;\        J28] 

where  W==  the  grains  of  moisture  per  cu.  ft.,  corresponding  to  the 
dewpoint  at  vapor  pressure  e. 

EFFECT  OF  CHANGE   IN  BAKOMETRIC   PRESSURE 

54  Suppose  that  air  in  which  the  vapor  pressure  is  eo  is  com- 
pressed from  a  barometric  pressiu'e  Po  to  a  barometric  pressure  P, 
then  the  partial  pressure  of  both  the  air  and  the  vapor  are  increased 

eoP 
proportionally  and  e  =  -^— .    The  temperature   corresponding  to 

saturation  at  e  is  the  temperatiu'e  of  the  dewpoint  at  pressure  P. 

55  The  per  cent  of  isothermal  satiu'ation  becomes 

/2=M  =  fo    P    ^R^   (291 

^  et/       Ci  Po  Po 

where  €2  is  the  saturated  vapor  pressure  corresponding  to  the  dry- 
bulb  temperature  t. 
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TOTAL  HEAT  CURVE 

56  This  curve  shows  the  sensible  heat  in  the  air  above  a  base 
temperature  of  0  deg.  fahr.,  plus  the  latent  heat  contained  in  the 
water  vapor  at  saturation,  but  not  including  the  heat  of  the  liquid. 
Since  the  wet-bulb  temperature,  or  adiabatic  lines  contain  all  points 
having  the  same  total  heat  (neglecting  heat  of  liquid),  the  curve 
serves  to  determine  the  total  heat  in  the  air  under  any  and  all  condi- 
tions represented  by  the  chart.  This  is  of  great  convenience  in  cal- 
culating refrigeration  required  to  cool  and  dehumidify  air.  For 
example,  suppose  it  is  required  to  find  the  refrigeration  necessary  to 
cool  1  lb.  of  air  containing  98  grains  of  moisture  and  having  a  dry- 
bulb  temperature  of  95  deg.,  to  a  final  temperature  of  40  deg.  satu- 
rated. We  find  from  the  chart  that  the  wet-bulb  temperature  is  75 
deg.  The  total  heat  corresponding  to  a  saturation  temperature  of 
75  deg.  is  37.8  B.t.u.,  while  the  total  heat  at  40  deg.  is  15.3  B.t.u. 
The  difference,  22,5  B.t.u.  is  the  refrigeration  required  per  pound  of 
air. 

The  author  wishes  to  acknowledge  his  indebtedness  to  his  assistants,  Mr. 
Theodore  A.  Weager  and  Mr.  Frank  L.  Busey,  for  the  actual  work  of  com> 
putation  and  the  construction  of  the  diagrams. 


APPENDIX  No.  1 


57    While  the  four  psychrometrio  prinoipies  might  be  all  iogicaUy  sunnised, 
experimental  demonstration  is  desirable.     A  calorimetric  method  was  devised 


FiQ.  8    General  View  of  Apparatds 

by  the  author  tor  this  purpose  snd  also  to  determine  the  probable  error  ot  lii' 
indicatione  of  the  wet  bulb  in  the  aling  psychrometer  due  to  radi&tion. 

58  The  apparatus  used  is  shown  in  Figs.  6,  9,  and  10.  Air  was  supplied 
by  fan  A  at  slight  pressure  to  the  wooden  air  duct  B,  from  which  it  esct^ 
through  the  orifice  C,  and  through  the  tube  D,  in  which  the  wet-bulb  e*lo- 
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limeter,  Figs.  8  and  9,  was  used  in  different  experiments.  A  differential 
draft  gage  and  pitot  tube  indicated  the  velocity  of  the  air  through  the  orifice 
and  over  the  wet-bulb  thermometer  No.  4. 

59  This  velocity  could  be  varied  any  desired  amount  between  1000  and  4000 
ft.  per  min.  by  adjustment  of  the  motor  rheostat.  It  was  foimd  that  the  static 
pressure  in  the  box  agreed  substantially  with  the  velocity  head  at  the  ther- 
mometer bulb  so  that  no  further  measurements  of  the  former  were  recorded. 
Thermometer  No.  1  indicated  the  dry-bulb  temperature  of  the  air  in  the  box, 
thermometer  No.  2,  the  dry-bulb  temperature  of  the  air  outside,  and  thermom- 
Bter  No.  3,  the  calorimeter  temperature.  Thermometers  Nos.  3  and  4  were 
calorimeter  thermometers  especially  constructed  for  this  test  by  the  Taylor 


Section  A-B-C-0 
Plan  and  £lbvation  of  Apparatus 
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Instrument  Company.    They  were  in  the  fahrenheit  scale,  graduated  to  tenths 
of  a  degree,  and  calibrated  to  :^o  ^^8*    They  were  also  carefully  compared. 

60  Experiment  No.  1 .  This  test  was  made  in  order  to  determine  the  effect  of 
an  air  blast  of  known  intensity  upon  the  readings  of  thermometers  No.  3  and 
No.  4.  The  need  of  the  determination  was  evident  as  the  velocities  were  not 
necessarily  the  same  upon  the  two  bulbs  nor  in  the  same  relative  direction. 
Moreover,  it  was  evident  that  a  portion  of  the  heat  of  the  air  was  converted 
into  mechanical  energy  of  the  air  current;  also  that  a  portion  of  this,  at  least, 
was  re-converted  into  heat  by  impact  on  the  bulb.  This  temperature  error, 
if  any,  would  be  proportional  to  the  velocity  head;  therefore  a  maximum  condi- 
tion of  1-in.  velocity  head  and  static  pressure  were  taken.  Both  thermometers 
and  the  calorimeter  were  perfectly  dry.    The  apparatus  was  run  under  constant 
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conditions  for  1  hour  previous  to  the  test.    Consecutive  readings  were  taken 
of  marked  uniformity,  and  the  average  results  are  given  in  Table  3. 

61    The  actual  calculated  drop  in  temperature  due  to  1-in.  air  blast  undtr 
the  above  conditions  is 


D=.  (82.7  +  469. 


6)  fl- 


/ 397  Y» 
\398/ 


].„ 


.38  deg.  + 


[30] 


62    It  will  be  noted  that  thermometer  No.  3  read 0.047  lower  than  No.  4  at  1  in 
pressure.    However,  at  a  wet-bulb  temperature  of  70  deg. ,  1  deg.  in  the  temper- 

TABLE  3    EFFECT  OF  AIR  BLAST  OF  KNOWN  INTENSITY  ON   READINGS  OF 

THERMOICETERS  NO.  S  AND  NO.  4 


No.  3 


THXBlCOIfBTXBS 

No.  1 
82.787 


No.  4 


No.  8 


82.6M 


82.853 
82.618 


Tbmpbraturb  DDrsKBircM 


lands 


land4 


0.064 


8  and  4 


0  047 


0.181 


Barometer  pressure  «  29.3  In.  mercury  »  807  In.  water. 

TABLE  4    DIFFERENCES  IN  THERMOIIETER  READINGS  1  AND  8  WITH  BOTH  BULBS 

DRY 

Static  Fnaaaxntm  m  Box,  1.0  in.;  Vbloott  Prihubb  at  Thsrmomstbb,  1.0  ur. 


No.  1 

No.  3 

T^iffjJlJLT 

Dry  Bulb 

Calorimeter                  | 

lyuzorei 

82.7 

82.625 

0.075 

0.7 

0.600 

0  100 

0.65 

0.600 

0.050 

0.7 

0.650 

0050 

0.8 

0.675 

0.125 

0.8 

0.675                       1 

0.125 

0.85 

0.750 

0.100 

0.7 

0.650                      ' 

0.050 

0.084 

ature  of  the  dry-bulb  produces  only  0.3  deg.  increase  in  wet-bulb  temperature; 

Le.,  -37  »  0.30.    Therefore  at  1  in.  pressure  the  error  would  be  0.014  and  at 
at 

i  in.  pressure  0.0035.    Hence,  in  any  case,  the  correction  would  be  negligible. 

The  temperature  increase  E  produced  by  an  air  blast  equivalent  to  p  in.  of  water 

may  be  expressed  by  the  equation 


„      /  0.38- 0.13  \ 

E  -  I I  p  -  0.26  p. 


,[31| 


0.25 

or   ■■  66  per  cent  of  the  theoretical  temperature. 

0.38 
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63  Experiment  No,  S.  This  was  for  the  purpose  of  determining  approxi- 
mately the  per  cent  of  error  due  to  radiation  and  stem  correction  in  the 
depression  of  the  wet  bulb  of  the  sling  psychrometer,  and  was  accomplished 
by  comparing  wet-bulb  thermometer  No.  4,  with  wet-bulb  thermometer  No.  3, 
which  was  protected  from  practically  all  radiation  by  surrounding  it  with  in- 
sulated wet  surfaces  at  precisely  the  same  temperature,  and  by  protecting  the 
stem  with  a  wet  cloth.  This  arrangement  is  shown  in  Fig.  10,  and  may  be 
termed  a  wet-bulb  or  evaporation  calorimeter.  The  protection  for  the  wet  bulb 
consisted  in  an  annular  vacumn  tube,  having  the  exterior  surface  covered  with 
a  wet  cloth,  and  the  interior  with  a  tube  of  wet  blotting  paper.    This  was 


TABLE  5    DIFFERENCES  IN  THERMOMETER  READINGS  3  AND  4  WITH  fBOTH  BULBS 

DRY 


No.  3 
Calorimeter 

No.  4 
ThermometOT 

82.725 

1 
Difference      ' 

No.  3 
Calorimeter 

Na4 
Thermometer 

82.500 

Difference 

82  75 

0.025         , 

82.55 

0.050 

82.72 

82.650 

0.070 

82.525 

82.500 

0.025 

82  70 

82.700 

0.000 

82.70 

82.700 

0.000 

82.80 

;         82.750 

0.050 

82.70 

82.675 

0.025 

82  80 

82.750 

0.050 

82.70 

82.600 

0.100 

82.80 

82.750 

0.050 

82.60 

82.500 

0.100 

82.75 

82.650 

0.100 

82.50 

82.400 

0.100 

82.70 

82.600 

0.100 

82.40 

82.300 

0.100 

82.65 

82.600 

0.050 

82.45 

82.400 

0.050 

82  65 

82.575 

0.075 

82.50 

82.475 

0.025 

82.60 

82  525 

0.075 

!         82.55 

82.500 

0.050 

82.60 

82.525 

0.075 

82.50 

82.600 

0.000 

82.50 

82.450 

0.050 

82.55 

82.550 

0.000 

82.50 

82.475 

0.025 

82.60 

82.600 

0.000 

82.60 

82.575 

0.025 

82.65 

82.610 

0.040 

H?.60 

82.600 

0.000 

82.60 

82.600 

0.000 

82.60 

82.500 

0.100 

82.55 

82.430 

0.120 

82.50 

82.425 

0.075 

82.60     • 

82.600 

0.000 

82.50 

82.450 

0.050          , 

82.70 

82.700 

0  000 

82.55 

82.525 

0.025 

82.75 

82.725 

0.025 

1 

1 

Average 

0.047 

placed  in  an  open  tube  leading  from  the  air  duct  so  that  there  is  the  same 
circulation  of  air  over  the  wet  surfaces  as  over  the  wet-bulb  thermometer 
placed  within.  Thermometer  No.  4  was  rotated  while  being  subjected  to  the 
blast,  so  that  the  condition  in  the  sling  psychrometer  would  be  exactly  re- 
produced. 

64  The  log  of  these  tests  shows  that  the  error  in  the  depression  of  the  wet 
bulb  in  the  sling  psychrometer  for  various  velocities  is  as  shown  in  Table  6  and 
Fig.  6.  This  error  has  been  taken  as  directly  proportional  to  the  depression. 
More  accurately  it  is  proportional  to  the  difference  of  the  fourth  powers  of  the 
respective  absolute*temperatures,  except  for  the  stem  correction,  However, 
where  the  depression  is  the  usual  small  percentage  of  the  absolute  temperature, 
the  error  in  assuming  direct  proportionality  is  insignificant. 
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65  The  sling  psychrometer,  however,  is  subject  to  another  error,  heretofore 
seemingly  overlooked.  As  shown  in  experiment  No.  1,  there  is  a  rise  in  tem- 
perature due  to  the  impact  of  the  air  upon  the  bulb,  which,  in  the  case  of  the 
dry  bulb  is  66  per  cent  of  the  theoretical,  or  0.26  p,  and  in  the  case  of  the  wet 

dt' 
bulb,  0.25  p—.     This,   however,  would  have  no  effect  upon  the  calculated 

absolute  humidity,  but  only  on  the  temperature  and  consequent  relativ« 
humidity. 

66  The  type  of  psy chrometer  which  lends  itself  to  the  most  accurate  determin- 
ations is  the  Aszmann  aspiration  psychrometer^  shown  in  Fig.  1 1.  Here  the  air 
is  aspirated  through  two  tubes  containing  the  wet  and  dry-bulb  thermometen. 
The  wet-bulb  temperature  is  brought  to  a  minimum  by  the  use  of  an  atomiser. 


TABLE  6    AVERAGE  RESULTS  OF  TEST  FOR  RADIATION  ERROR  IN  WET  BULB 

OF  SUNQ  PSYCHROMETER 


1  Velocity  preMure,  In.  water 

2  Velocity,  ft.  per  mln 

8    Room  temperature  No.  2 

4    Dry-bulb  temperature  No.  1.. . . 
6    Calorimeter  temperature  No.  S . . 

6  Wet-bulb  temperature  No.  4 

7  Calorimeter   depretslon    (differ- 

ence between  Itema  4  and  6). . 

I  Difference  between  wet-bulb  and 
calorimeter  temperature 

0  Ratio  of  wet  bulb  mlnui  cal- 
orimeter temperature  to  calori- 
meter depreeslon  (Item  8-T-7). 
10    Item  9  corrected  for  difference  In 

Impact '    0 


0.08 
1160 
86.0 
87.136 
68.(»86 
99.21 


18.19 


0.206 


0.016 


0.16 

0.26 

1640 

2060 

82.0 

86.1 

88.03 

83.88 

60.726 

71.168 

70.01 

71.868 

14.206 

12.722 

0.286 

0.196 

0.020 


0.016 


0.68 
8040 
88.2 

83.976 
71.740 
71.892 


0.162 


0.012 


0.76 
3550 
87.2 
88  176 
68.494 
68.854 


12.235   '  19.681 


01606      0.02018      0.01527      0.01230 


0.160 

0.008 
0.00853 


1.00 
4100 
87  tS 
88.56 

68  830 
68.065 

19  7fl0 

0  135 


0  007 
0.00771 


Temperature  difference  due  to  Impact 

dt' 

T-  -  0.3  at  <'  -  69  to  70  deg.  fahr. 


0.3  X  0  047  X  velocity  preoiure. 


0.047  «  temperature  difference  (thermometer  No.  8-tbermometer  No.  4)  with  dry-bulb 
thermometers  due  to  difference  In  Impact  at  1  In.  velocity  prevure. 


This  serves  also  to  moisten  the  inner  surface  of  the  enveloping  tube,  thus 
cooling  it  and  preventing  radiation.  In  this  type  of  psychrometer  it  should 
be  noted  that  the  impact  of  the  air  upon  the  thermometer  bulbs  largely  neutral- 
izes the  reduction  in  pressure,  producing  the  velocity  as  demonstrated  in 
experiment  No.  1. 

67  Experiment  No,  S.  The  purpose  of  this  experiment  was  to  demonstrate 
principles  C  and  D  in  Pars.  22  and  23.  A  modified  form  of  the  evaporation 
calorimeter  was  used.  The  air  was  first  passed  through  two  layers  of 
moistened  sponge,  bringing  it  very  close  to  true  adiabatic  saturation.  Its 
temperature  was  then  taken  alternately  with  a  wet-bulb  and  a  dry-bulb 
thermometer,  and  simultaneous  readings  were  taken  with  thermometer  No. 
4,  the  error  of  which  had  been  established.     It  was  found  very  difficult  to 


^  For  full  description  see  Zeltschrlft  filr  Initrumentenkunde,  January  1802. 
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obtain  consistent  readings  to  the  degree  of  accuracy  desired,  on  account  of 
the  extreme  lag  of  temperature  in  the  calorimeter  thus  constructed.  On  this 
account  it  was  found  necessary  to  maintain  the  temperature  constant  at  No. 
4  by  continuous  hand  regulation  at  the  fan  inlet  and  continuous  obser- 
vations of  thermometer  No.  4.  It  was  found  possible  in  this  way  to  pre- 
vent a  variation  of  more  than  0.05  deg.  Results  showed  the  temperature 
in  the  calorimeter  with  a  wet  bulb  to  be  a  little  lower  than  No.  3  when 
a  dry  bulb  was  used,  owing  to  slightly  imperfect  saturation.  This  test, 
therefore,  did  not  agree  exactly  with  the  results  of  experiment  No.  2.  It 
appeared  to  be  possible,  however,  for  the  water  on  the  wet  bulb  in  experiment 
No.  2  to  be  cooled  to  a  lower  temperature  than  that  of  adiabatic  saturation,  and 


TABLE   7     CX)MPARISON    OP    WET-BULB    TEMPERATURE    WITH    SATURATION 

TEMPERATURE  WHEN  PASSING  AIR  THROUGH  WET  SPONGE 

IN  CALORIMETER,  PRESSURE,  0.25  IN. 


No.  1 
Dry-bulb  Teznpwature 

No.  2 
Wet-Bulb  Temperature 

No.  3 

Calorimeter 

Temperature 

Difference 

81.75 

61.90 

61.80 

0.10 

81.75 

61.95 

61.85 

0.10 

81.75 

62.00 

61.85 

0.16 

81.75 

62.05 

61.90 

0.15 

81.75 

62.00 

61.90 

0.10 

81.75 

62.00 

61.90 

0.10 

81.75 

62.65 

62.65 

0.00 

81.75 

62.60 

62.65 

0.06 

81.75 

62.65 

62.65 

0.00 

81.75 

62.65 

62.625 

0.026 

81.75 

62.65 

62.65 

0.00 

81.75 

62.60 

62.625 

0.026 

81.75 

62.65 

62.65 

0.00 

81.75 

62.60 

62.626 

0.026 

81.75 

62.65 

62.66 

0.00 

81.76 

62.60 

62.65 

0.06 

81.75 

62.65 

62.626 

0.026 

81.75 

62.70 

63.65 

0.06 

"  ■  -^ 

it  is  necessary,  therefore,  to  attribute  this  slight  discrepancy  to  some  source 
of  error  in  the  temperature  of  the  air  in  experiment  No.  3.  Three  explanations 
are  possible:  (a)  the  air  being  thoroughly  saturated  before  entering  the  tube 
of  the  calorimeter,  its  temperature  would  easily  be  increased  with  any  slight 
radiation  due  to  imperfect  insulation,  especially  since  air  delivery  was  greatly 
reduced  by  the  resistance  of  the  sponge;  (6)  at  the  time  the  readings  were  taken 
the  outside  was  always  beginning  to  get  dry,  due  to  the  very  long  time  required 
to  bring  the  temperature  of  the  calorimeter  to  a  minimum,  during  which  the 
cloth  on  the  calorimeter  would  begin  to  dry  and  require  moistening,  resulting 
in  a  momentarily  increase  of  temperature;  (c)  the  possibility  of  some  parts 
of  the  sponge  becoming  dry  and  conducting  a  slight  amount  of  heat  to  the  wet 
portions. 
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68  The  BKTcement  of  these  teits,  however,  is  quite  aufficieat  to  wKirant 
fully  the  acceptance  of  the  fundamental  principle*  previously  stated.  It  is 
also  mode  evident  that  the  reading  of  the  net-bulb  thermometer  properly  pro- 
tected from  radiation  as  in  experiment  No.  2  is  a  most  practicable  and  accurate 
method  of  determiaing  the  temperature  of  adisbatic  saturation. 


FlO.    11      ASPIRATIOK   PsTCBROMETdR 


APPENDIX  No.  2 

PBOOP  OF  FOBMULA  [5] 

^      5284  (t  +  459.64)  D, 
^-'        -TTe 

69  In  this  equation 

G  —  grains  of  moisture  per  lb,  of  pure  air  at  saturation 

i     »  temperature  of  saturation  in  deg.  fahr. 

t    +  459.64  =  absolute  temperature 

Ds  »  density  in  lb.  per  cu.  ft.  of  saturated  water  vapor  at  temperature  t 

=  reciprocal  of  specific  volume  of  steam 
P  —  29.92  »  assumed  standard  of  barometric  pressure  in  in.  of  mercury 
e    —  vapor  pressure  of  saturated  water  vapor  in  in.  of  mercury 
5284  =  constant  of  the  equation 

70  According  to  the  law  of  gaseous  mixtures  the  total  pressure  is  equal  to 
the  sum  of  the  gaseous  pressures  of  the  component  parts,. and  the  weights  of 
the  two  components  are  in  proportion  to  the  products  of  their  respective  pres- 
sures times  their  specific  weights 

For  mixture  of  1  lb.  of  air  and  water  vapor  saturated  at  a  given  tempera- 
ture, therefore 

1        l(P-p.)'  P-P*  1        1(P-P.)  P-Pb  ^ 

where 

Weight  of  air  =  1  lb. 
Specific  weight  of  air  >■  1 

(P  —  Pa)  =  total  barometric  pressure  in  lb.  per  sq.  ft. 

W»  =  weight  of  saturated  water  vapor  in  1  lb.  pure  air 

Pa   =  pressure  of  saturated  water  at  given  temperature  U  in  lb. 

per  sq.  ft. 
iSw  ==  specific  weight  of  water  vapor  at  temperature  <,  compared 

with  air  at  same  temperature  and  pressure;  pa  or  e 
\V  =  weight  of  moisture  vapor  in  mixture  containing  lib  pure  air. 
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Also 

S-^-  F.2>, [331 

where 

Vb  ^  specifio  volume  of  saturated  steam  (volume  of  1  ib.)  at  a 

given  temperature,  / 
Ka  "=  specific  volume  of  air  at  the  same  pressure  and  temperature 
Db  =  density  of  saturated  steam  in  Ib.  per  cu.  ft.  at  temperature/ 

But  we  have  for  air 

PV 

—  -63.36 

Ka  =  63.35  (  *"^"""^  ) 134] 


<  4- 459.64  \ 
P         ) 


Therefore 


„      53.35  (/+ 459.64)  ^ 

S"      — '—     D. [351 

Pb 

Hence,  substituting  in  [32] 

^,53,35  (,  +  ^.64)^^ ,^j 

G  =  7000  ir 
(P  -  e)  in.  mercury  =  (144  X  0.4908)  (P  -  p)  lb.  per  sq.  ft. 
Hence 

^      5284  (/  + 459.64)  Da 


APPENDIX  No.  3 

DERIVATION    OF   FORMULA    [6],    QIVINQ   THE   EQUATION   OF  THE    ADIABATIC 

SATURATION  LINE 

r'  (JK'  -  w)  =  Cpa  (t  -  n  +  Cp.TF  (t  -  n 

71  Assuming  1  lb.  of  pure  air  having  the  temperature  (  containing  W  lb.  of 
moisture  with  the  corresponding  dewpoint  U  and  vapor  pressure  ei  having  a 
resultant  adiabatic  saturation  temperature  of  t',  assume  also  a  moisture  incre- 
ment dW  under  adiabatic  conditions  resulting  in  a  temperature  increment  of 
—dt.  This  moisture  increment  dW  is  evidently  evaporated  at  a  vapor  pressure 
ei  corresponding  to  temperature  ^i  and  superheated  to  temperature  (.  The 
temperature  of  the  liquid  is  evidently  constant  at  temperature  V,  from  prin- 
ciple C.  The  total  heat  of  the  vapor  in  the  increment  is  HidW  +  Cp,  ((-(i)  dW, 
where  Hi  is  the  total  heat  of  steam  corresponding  to  temperature  (i  and 
vapor  pressure  ei,  and  Cp,  (t'ti)dW  is  the  heat  required  to  superheat  from  satu- 
ration temperature  ti  to  dry-bulb  temperature  t.  The  heat  of  the  liquid  evapo- 
rated, however,  is  q'dW  corresponding  to  temperature  of  saturation  ('. 

72  The  total  heat  interchange  required  to  evaporate  dW  under  these  condi- 
tions is  therefore 

2^[(Hi-q')  +  C^(t-ti)]dW [38] 

The  change  in  sensible  heat  of  1  lb.  of  air  and  W  lb.  of  water  vapor  due  to 
the  temperature  increment  —dt  is 

2  =  -  (Cpa  +  IFCp.)  dt ]391 

Since  the  change  is  adiabatic  these  values  may  be  related  by  the  equation 

[Hi^q'  +  Cp.(t-ti)]dW-'(C^^  +  WCp.)dt^O [40] 

J 'IF'                                                 nt' 
{Hi -q'+ [Cp.it -ti)]}dW^    I     (Cpa  +  TFCp.)(i( [41] 

in  which  Hi  and  (i  are  variables  corresponding  to  the  variable  W  while  ^  is  a 
variable  related  to  W  by  the  differential  equation.  A  constant  corresponding 
to  r  is  q'  while  Cp,  may  be  taken  approximately  as  a  mean  between  its  values  at 
ti  and  at  t'  and  Cp.  as  a  mean  between  its  values  at  t  and  at  t\  The  temper- 
ature of  saturation  is  t\  and  W  is  the  corresponding  moisture  content  at  satu- 
ration. 

73  It  is  not  necessary,  however,  to  solve  this  equat  on  in  this  form  as  this 
relationship  may  be  simplified 

{^i-g'  +  [Cp.((-ii)]}dH^  =  {iyi-g'  +  [Cp.(r-ii))  +  (Cp.a-r)]}rfH^.[421 
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It  may  be  shown  thermodynamically,  assuming  steam  to  be  a  perfect  gas,  that 

iyi-?'+[Cp,(<'-/i)J-F'~5'-r' [43l 

74  This  may  also  be  demonstrated  approximately  for  the  range  of  tempera- 
tures under  discussion  by  computation  from  the  values  given  in  the  steam 
tables  of  Marks  and  Davis,  as  in  Table  8. 


TABLE  8    COMPARISON  OF  ACTUAL  VALUES  OF  r'  WITH  VALUES  OF  r'  COMPUTED 
FROM  THE  TOTAL  HEAT  AT  DIFFERENT  TEMPERATURES  li 


"    .  _           ■             ~ 

_       "            ^~"         ~ ' 

_—           —             —              — 

. 

_  . 

1'  -  80  d§g.,  r'  - 

'  1046.7 

» 

<i 

1 

Cps 

Hi 

«' 

(Computed) 

80 

70 

0.44365       ' 

1000.3 

48.03 

1046.70 

80 

M 

0.44366 

1085.0 

48.03 

1046  74 

80 

60 

0.44347 

1081.4 

48.03 

1046.7^ 

80 

40 

1         0.44338       I 

1076.0 

48.03 

1046.6 

«'-100rf«a..  r'- 

-  1035.6 

100 

M 

i         0.44401 

1000.3 

67.97 

1035.67 

100 

80 

1         0.44303 

1004.8 

67.97 

1035.7 

100 

70 

1         0.44383 

1090  8 

67.97 

1035.64 

100 

60 

0.44374 

1085.9 

67.97 

1035  67 

100 

60 

0.44366 

1081.4 

67.97 

1035.81 

100 

40 

0.44366 

1                            1 

1076.9 

67.97 

1035.54 

. 

t'  -  120  deg.,  r'  - 

1024.4 

120 

110 

0.44419 

1108.0 

87.91 

1024  4 

120 

100 

0  44410 

1103  6. 

87.91 

1024  57 

120 

00 

0.44401        1 

1099.2 

87.91 

1024.62 

120 

80 

0.44302 

1094.4 

87.91 

1024.64 

120 

'               70 

0.44383 

1090.8 

87.91 

1024. 5S 

120 

1              00 

0.44374 

1085.9 

87.91 

1024  50 

120 

60 

'         0.44365        1 

1081.4 

'           87.91 

1024.54 

120 

40 

1 

0.44356 

1076.9 

87.91 

1024  47 

r'-/fi-«'  +  lCp.«'-/i)l 

or 

H'-/fi+ICp8«' 

-<i)I 

►I 


75    Hence  substituting  in  equation  [41] 

dPT  +  Cps    I      {t-t')dW^C^^    \     d/  +  Cps    I     W'U....m 
w  Jw  Je 


*.«' 


r'  {W  -W)^  Cps 


ZU>] 


dPF-Cpaa-0  +  Cps  w 


p» 


J/' 


i^^'-\ 


+  Cps     I     I     I       dW  \di 

r'  iw'  -  w)  -  Cpa  {t  -  v)  +  Cps  w^t"  n 


(45; 
[461 
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76  The  same  result  may  be  obtained  by  equating  the  total  heat  in  the  air 
in  any  state  with  its  total  heat  when  in  the  state  of  adiabatic  saturation.  The 
total  heat  in  a  mixture  of  1  lb.  of  pure  air  and  saturated  water  vapor  at  a  tem- 
perature t'  calculated  from  a  base  temperature  of  0  deg.  fahr.  and  deducting 
the  heat  of  the  liquid,  q',  which  as  we  have  shown  is  unaffected  by  the  adia- 
batic change,  is 

S  =  Cpae'  +  r'IF' [47] 

77  The  total  heat  under  any  other  ad  abatic  condition,  where  tempera- 
ture is  t  and  moisture  TT,  is 

X=^Cp.t+[{Hi-qi)  +  CpAt'-ti)]W [48] 

which  is  substantially  equivalent  to 

2«Cpa«  +  r'IF4-Cp,a-01F [49] 

Therefore  since  the  change  is  adiabatic  we  may  equate  [45]  and  [471. 

Cpa<  +  r'PF  +  Cp.(t-(')W^-Cpat'  +  r'lF' [60] 

CpAt-n  +  Cp.d-nW^r'iW'-W) [51] 

where 

(t'f)  -  the  true  wet-bulb  depression 
{W  —  W)  =  the  moisture  absorbed  per  lb.  of  pure  air  when  it  is  adiabati- 

cally  saturated  from  an  initial  dry-bulb  temperature  to  and  an 
initial  moisture  content  W 
Cpa  =  mean  specific  heat  of  air  at  constant  pressure  between  tempera- 
ture t  and  t' 
Cps  =»  specific  heat  of  steam  at  constant  pressure  between  t  and  t' 
r'     =«  latent  heat  of  evaporation  at  wet-bulb  temperature  <' 
This  is  identical  with  equation  [46]  obtained  by  the  differential  method. 

DISCUSSION 

R.  C.  Carpenter  said  that  he  had  carefully  checked  the  results 
obtained  by  Mr.  Carrier  and  had  compared  them  with  the  old  tables 
on  this  subject  and  with  the  newer  data  available,  and  he  believed 
them  to  be  a  distinct  advance  on  anything  before  presented,  and  also 
much  more  accurate. 

L.  S.  Marks  said  that  he  had  had  some  difficulty  in  reading  the 
paper,  because  of  some  obscurity  of  phrasing  by  the  author. 

The  fundamental  thing  about  the  paper  appeared  to  him  to  be 
the  establishment  by  direct  experiment  of  the  rational  formula 
connecting  the  temperature  indications  of  a  psychrometer  which  is 
properly  protected  from  external  radiation.  This  rational  formula, 
as  the  author  states,  was  given  in  an  imperfect  form  by  Apjohn  in 
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1836.  It  was  developed  even  earlier  than  that,  for  August'  undei- 
stood  the  theory  thoroughly  in  1825,  and  deduced  the  best  equation 
that  was  possible  with  the  existing  state  of  physical  knowledge  at 
the  time.  Regnault,*  in  his  paper  on  Hygrometry,  published  in 
1845,  showed  that  the  August  equation  did  not  give  correct  results, 
and  that  the  wet  bulb  readings  depended  largely  on  the  velodty  of 
the  air.  He  discredited  the  basic  assumption  of  August's  equatioo 
and  of  the  equation  now  presented  to  us,  because  he  thought  that  tbe 
air  in  contact  with  the  wet  bulb  was  neither  reduced  to  the  wet- 
bulb  temperature,  nor  was  fully  saturated.  It  would  appear  fnwi 
the  experiments  now  presented  to  us  that  Rcgnault's  conjectures 
OB  these  points  cannot  be  accepted,  and  that  he  must  have  under- 
estimated the  importance  of  tbe  radiation  factor.  The  ratioiul 
theory  presented  here  is  complete  only  when  applied  to  a  psychrom- 
eter  in  which  absorption  of  heat  by  radiation  is  prevented.  Re- 
nault's objection  to  it  as  applied  to  the  psychrometer  of  his  time, 
is  justified  by  the  facts,  but  rot  for  the  reasons  which  he  advanced. 
The  basis  of  the  rational  theory  is  unfortunately  obscured  in 
tbe  author's  paper  by  his  misuse  of  cert^n  terms.  He  speaks  of 
saturating  air  adiabatically.  The  action  taking  place  at  the  wet 
bulb  is  in  no  sense  adiabatic.  It  is  exactly  what  takes  place  when 
bubbles  of  air  at  some  temperature  are  sent  through  water  at  some 
lower  temperature.  It  is  an  actual  mixture  of  two  substances  at 
different  temperatures.  The  thermal  characteristic  of  this  process, 
as  carried  out  in  a  psychrometer  without  external  radiation,  is  that 
the  total  heat  of  the  two  mixing  substances  is  the  same  before  and 
after  mbdng.     By  total  heat  is  meant  the  quantity: 

H  =  U  +  Apv 
where 

U  =  the  internal  energy 

^  ~  778 

p  and  p  =  specific  pressures  and  volumes  respectively 
The  author's  principal  equation  is  simply  the  writing  down  of 
this  relation  between  the  total  heats. 

The  rest  of  the  paper  seems  to  be  devoted  principally  to  deduc- 
ing special  equations  for  saturated  and  superheated  steam  at  low 
pressures,  ort  tlif  ii-.iumption  that  they  behave  as  perfect  gases. 
yLcJi  shows  lliiLt  that  asBumptionTis  satisfactory. 
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The  suggestion  that  the  psychrometer  might  be  used  as  an  instru- 
ment for  the  determination  of  the  specific  heat  of  air  or  other  gases 
was  also  made  by  Regnault  in  1845. 

The  results  obtained  by  the  author  form  a  solid  contribution  to 
the  science  of  hygrometry,  and  give  more  confidence  for  the  future  in 
the  use  of  such  an  instrument  as  the  aspiration  psychrometer. 
Professor  Marks  had  had  occasion  to  check  up  the  author's  hygro- 
metric  charts,  and  had  found  them  quite  accurate. 

O.  P.  Hood  objected  to  the  statement,  that  "the  direct  use  of  steam'' 
for  humidifying  is  of  "  little  engineering  interest  or  value."  He 
thought  it  true  that  the  greatest  quantity  of  air  in  the  country 
needing  to  be  conditioned  would  be  that  connected  with  mining 
interests,  particularly  where  very  large  quantities  of  air  are  handled. 
In  winter  the  most  feasible  plan  so  far  found  is  this  introduction  of 
steam  direct  into  the  current  of  air.  While  the  method  is  extremely 
simple,  almost  crude,  and  there  are  many  objections  to  its  use  in 
mines,  still  the  proper  humidifying  of  air,  so  as  not  to  add  too  much 
and  to  add  it  at  the  proper  time,  is  a  question  interesting  to  mining 
engineers. 

G.  A.  GooDENOUGH  (written).*  The  chief  criticism  of  the  paper 
relates  to  the  manner  in  which  the  material  is  presented.  The  paper 
is  difficult  reading,  even  to  one  fairly  familiar  with  thermodynamic 
principles.  Such  terms  as  temperature  of  adiabatic  saturation,  per 
cent  of  isothermal  saturation,  etc.  are  not  familiar  to  most  of  us. 
There  is  a  lack  of  precision  in  the  use  of  terms,  such  as  specific  weight, 
and  density.    The  symbols  employed  are  not  conducive  to  clearness. 

The  validity  of  the  final  results  rests  upon  the  truth  of  the  princi- 
ple stated  in  Par.  30  and  upon  the  establishment  of  the  relation 
expressed  by  equation  [6].  There  need  be  no  question  regarding 
principles  (A)  and  (B).  To  make  the  statements  somewhat  clearer 
reference  may  be  made  to  Fig.  12.  The  point  A  represents  on  the 
temperature-entropy  plane  the  initial  state  of  the  moisture  in  the 
air  at  the  absolute  temperature  T,  The  line  FEA  is  a  line  of  con- 
stant pressure  ei,  and  T'  is  the  absolute  temperature  corresponding 
to  the  dewpoint.  As  more  vapor  is  introduced  the  vapor  pressure 
rises,  but  the  temperature  falls;  hence  the  point  that  represents  the 
state  of  the  vapor  lies  below  the  line  T  but  above  the  curve  EA.    As 

'Prof,  of  Thermodynamics,  Univ.  of  111.,  Urbana,  111. 
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the  process  is  coDtinued  the  state  pomt  moves  downward  and  to  the 
left  along  some  such  curve  as  AB  and  finally  reaches  the  saturation 
curve  at  point  B,  The  air  is  now  saturated  and  the  temperature  T 
at  £  is  the  so-called  temperature  of  adiabatic  saturation.  According 
to  principle  (C),  this  temperature  T'  is  precisely  the  temperature 
assumed  by  the  water  that  is  evaporating,  i.e.,  the  wet-bulb  temper- 
ature. This  interesting  principle  seems  to  be  amply  verified  by  the 
experiments  described  in  Appendix  No.  2. 

The  demonstration  given  in  Appendix  No.  4  may  now  be  examined 
and  certain  obscurities  may  be  removed.    Let  the  weight  of  water 


Fig.  12 


Temperature  Diag 


^'■-^a 


dW  originally  in  the  state  denoted  by  point  C  be  introduced  into  the 
mixture  of  air  and  vapor.  The  vapor  pressure  falls  from  the  value 
e'  to  ei,  the  process  being  represented  by  the  curve  of  constant  heat 
content  CG.  Further  vaporization  of  the  liquid  is  represented  by 
GE  and  superheating  by  EA,  Tlie  heat  absorbed  during  the  process 
is  represented  by  the  area  GiGEAAy  =  area  ODFEAAi  —  area 
ODFGG,  But  area  ODFEAA^  represents  the  total  heat  corre- 
sponding to  state  -4,  and  area  ODFGGi  =  area  ODCCi  represents  the 
heat  of  the  liquid  q*  corresponding  to  state  C.  Hence  the  heat 
absorbed  is 
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as  given  in  equation  [40].  If  the  whole  process  is  adiabatic,  this 
heat  must  be  received  from  the  air  and  steam  ahready  present  and 
the  resulting  equation  is 

[ff,-g'+Cpa(r-ri)]dii;+(Cp.+TrCp.)dr  =  o 

This  is  the  same  as  equation  [42]  except  that  the  sign  between  the  two 
terms  is  positive  as  it  clearly  should  be,  since  dT  is  intrinsically 
negative.  The  simplification  of  this  equation  by  means  of  the 
relation  expressed  by  equation  [45]  is  exceedingly  ingenious,  and 
worthy  of  some  attention.  Referring  to  Fig.  12,  equation  [45]  asserts 
that  area  CiCBBi  (=r^)  =  area  GiGEHHi.  Since  the  heat  content 
at  6  is  by  hypothesis  equal  to  the  heat  content  at  C,  this  is  equiva- 
lent to  the  assumption  that  the  heat  content  at  H  is  the  same  as  that 
at  B.  For  a  perfect  gas,  B  and  H  lying  on  the  same  isothermal, 
this  assumption  would  be  strictly  true;  and  for  superheated  steam, 
provided  B  and  H  are  sufficiently  close,  the  relation  is  sufficiently 
well  satisfied.  Combining  the  relation  [45]  with  the  preceding  equa- 
tion the  result  is: 

r'dW  +  Cp.  (r-  r)  dW  +  Cp.  dT+  Cp.  WdT  =  0 
whence 

r'JdTF-  Cp.r  JdTF+CpaJdr+  C^j{TdW+WdT)  =  0 

This  equation  takes  the  place  of  the  author's  equation  [46].  On 
account  of  the  error  in  sign  in  equation  [42]  an  inexact  differential 
is  contained  in  [46]  and  integration  is  therefore  impossible  without 
a  relation  between  the  variables  T  and  W.  The  passage  from  [46]  to 
[48]  involves  some  manipulation  that  would  not  be  sanctioned  by 
mathematicians.  With  the  proper  signs,  however,  the  differential 
is  exact  as  shown  in  the  third  equation  and  the  integration  is  readily 
effected  with  the  following  result: 

r'(Tr'-F)-Cp«r(Tr'-TF)  +  Cpa(r-r)-FCp.(rTF'-rTF)=o 

This  equation  is  readily  reduced  to  the  desired  form 

r'  (TT'-  w) = Cpa  (r-  r)  +  Cp.Tr  (r-  to 

Having  the  fundamental  equation  deduced  by  sufficiently  rigor- 
ous processes,  the  remaining  relations,  equations  [7]  to  [28],  follow 
without  difficulty.  The  use  of  Swann's  expression  for  the  specific 
heat  of  air  is  to  be  commended.  The  expression  for  the  latent  heat 
of  steam  is  also  satisfactory,  though  possibly  the  resulting  values 
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will  ultimately  be  found  slightly  low.  The  expression  for  the  specific 
heat  of  steam  under  the  conditions  assumed,  namely 

Cp.  =  0.4423  +  0.0001  W 

is  certainly  somewhat  in  error.  For  the  low  pressures  under  cod- 
sidcration,  the  expression  for  specific  heat  may  be  taken  as 

Op.  =  0.42  +  O.OOOU 

However,  as  Cp,  drops  out  of  consideration  between  equations  [19] 
and  [20],  the  final  result  is  in  no  way  affected  by  a  slight  change  in 
Cp». 

Equation  [23]  may  therefore  be  accepted  as  substantially  accurate, 
and  the  psychrometric  charts,  Fig.  1  and  2,  may  likewise  be  accepted 
as  most  valuable  aids  in  the  solution  of  psychrometric  problems. 

R.  C.  H.  Heck  (written).  The  matter  presented  in  this  paper  is 
decidedly  valuable  and  interesting  and  the  term  adiabatic  saturation 
is  especially  well  chosen.  But  the  underlying  theory  of  the  subject, 
as  developed  in  Appendices  Nos.  3  and  4,  can  be  much  shortened  and 
simplified,  to  the  greater  ease  of  the  reader  in  following  it.  For  the 
confused  and  confusing  deduction  in  Appendix  No.  3,  proof  of  for- 
mula [5],  may  be  substituted  the  following: 

With  a  total  pressure  of  P  lb.  per  sq.  in.,  of  which  (P  —  p)  is  exerted 
by  air  and  p  by  steam  or  vapor,  we  consider  1  lb.  of  air  and  W  lb. 
of  steam.  At  ordinary  temperature  t  or  absolute  temperature  T 
=  459.6  +  i,  the  volume  in  cu.  ft.  of  the  pound  of  pure  or  dr>'  air  Ls 

Fa  =  53.35     ^ 


P-p 


If  p  and  i  correspond  as  pressure  and  temperature  of  saturated  steam, 

1 
1  lb.  of  steam  will  have  a  volume  of  F.  cu.  ft.,  or  a  density  -D.  =  77 

lb.  per  cu.  ft.,  these  quantities  coming  directly  from  the  steamtable. 

W 

The  weight  W  will  then  fill  a  volume  of  WVn  or  jr  cu.  ft.,  which 

volume  must  be  the  same  as  F»,  since  air  and  vapor  are  diffused 
through  the  same  space,     Therefore 

W  ^  53.35  T 
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and  this  leads  at  once  to  formula  [5],  the  change  in  units  of  measure- 
ment being  a  mere  detail. 

The  derivation  of  formula  [6]  can  also  be  mu6h  abbreviated  and 
clarified.  Restating  conditions,  1  lb.  of  dry  air  with  an  original  con- 
tent of  W  lb.  of  vapor  (Less  than  saturation)  passes  over  a  water  sur- 
face and  takes  up  all  the  moisture  that  it  can  evaporate  by  virtue  of 
the  heat  available.  Assuming  that  no  heat  comes  from  any  source 
except  the  air  current  and  the  limited  mass  of  water  upon  which  it 
acts,  and  that  the  action  has  persisted  long  enough  for  conditions 
to  become  stable,  the  temperature  of  adiabatic  saturation  will  be 
established.  That  the  water  settles  to  this  temperature  even  when 
there  is  a  large  excess  of  air  is  an  experimental  fact  rather  than  a 
conclusion  which  could  have  been  arrived  at  by  reasoning.  With 
such  excessof  air,  as  in  the  case  of  the  psychrometer,  the  small  amount 
that  is  or  would  be  saturated  is  immediately  mixed  with  a  much 
larger  amount  of  the  original  air,  so  that  the  resulting  average  vapor 
content  and  temperature  of  the  whole  current  are  far  from  W  and  t' 
being  very  little  changed  from  W  and  t  If  it  is  true  that  the  water 
is  influenced  wholly  by  the  thin  layer  of  air  directly  in  contact  with 
it,  this  air  may  be  thought  of  as  isolated  from  the  rest  of  the  current. 
Passing  over  the  intimate  detail  of  the  process  of  heat  transfer,  there 
is  at  once  an  equation  between  heat  absorbed  by  the  water  in  vapori- 
zation at  tf  and  heat  given  up  by  the  air  in  cooling  original  t  to  t'^  so  that 

/  (W'--W)  =  (Cpa  +  TTCp.)  a-0 

A  question  arises  here  which  concerns  not  the  form  of  expression 
of  Mr.  Carrier's  theory  but  its  fundamental  assimiption.  May  not 
the  large  excess  of  relatively  warm  air  flowing  past  the  wet  bulb  of 
the  psychrometer  act  as  a  "surrounding  body,"  supplying  a  little 
heat  to  the  water  by  radiation?  Undoubtedly,  rapidity  of  the  vapor- 
ization induced  by  exposure  to  air  depends  far  more  upon  the  dryness 
of  the  air  than  upon  purely  thermal  conditions;  in  other  words,  the 
difference  between  original  vapor  tension  and  that  of  saturation  has 
far  greater  influence  than  a  temperature  difference  such  as  hastens 
conduction  of  heat.  Further,  the  radiating  power  of  a  body  of  gas 
is  very  weak.  For  these  reasons,  the  heat  received  from  the  warm 
air  which  takes  up  no  new  moisture  \\all  be  small  in  comparison  with 
that  received  from  the  immediately  adjacent  layer  of  air  which 
becomes  saturated.  But  may  not  this  extra  heat  account  for  the  small 
increase,  above  the  long  accepted  value,  in  the  specific  heat  of  air  as 
determined  by  the  experimental  method  described  in  the  paper? 
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There  is  positive  error  as  to  the  idea  of  physical  operation,  that 
neater  of  temperature  i  is  evaporated  at  some  other  and  lower  tem- 
perature fe.and  the  vapor  then  superheated  past  ('  to  t  No  matter 
what  the  preaeure  and  composition  of  the  superincumbent  atmos- 
phere, vapor  can  be  evolved  only  at  the  tempyerature  of  the  liquid 
from  wliich  it  is  rising,  and  with  the  saturation  pressure  or  tenaon 
belonging  to  that  temperature  (Fig.  13). 

It  is  entirely  correct,  however,  to  say  that  there  is  essential  eqiur- 
alence  as  to  total  heat  between  evaporation  at  i  and  evaporatiiHi 
at  a  lower  temperature  ti  plus  superheating  to  f .  With  steam  pres- 
sure as  ordinate  and  total  heat  as  abscissa,  the  slightly  inclined  linn 
in  Pig.  13  are  isothermals  or  lines  of  uniform  temperature;  tiie 
curve  through  their  upper  ends,  along  which  the  degree  numbets 
are  placed,  is  the  saturation  line.  These  isothermals  show  how  the 
total  heat  up  to  a  certain  temperature  varies  with  the  pressure  (a 
constant  in  any  particular  operation)  at  which  this  heat  is  imparted. 
For  a  perfect  gas,  the  isothermals  of  total  heat  would  be  verticals, 
indicating  constancy  of  h\  their  inclination  in  this  diagram  measures 
the  departure  of  steam  from  ideal  gaseous  properties  (fig.  14). 


Fio.  13    Ibotbermal  Chart 

A  graphical  illustration  of  the  integration  represented  by  equa- 
tions [46]  and  47]  is  very  helpful.  It  is  better  to  distinguish  initial 
conditions  by  a  subscript,  calling  them  TTo  and  fc,.  Then,  if  instead 
of  complete  cooling  from  U,  to  (',  with  vapor  increase  from  W^  to  H". 
action  to  some  intermediate  limits  "W  and  i  be  considered,  equation 
[46]  may  be  written 
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Cj..\  OV~Wo)dt 
The  heat  quantities  belonging  to  the  superheated  vapor  of  varying 
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Fig.  14    Heat  of  Superheated  Steam  Diaorau 

weight  W  are  illustrated  in  Fig.  14.     The  following  mathematical 
statements  seem  hardly  to  call  for  verbal  supplementation: 
«-(')dff'=8trip  likeffAf 


Jl 


(l-l')dW-^SirenAHMC 

Wu  I   "dl  =  area  DAKL 

{W-  Wo)  dl  =  strip  like  KH 

j  (V  -  W„)  dt  =  area  A  HK 

The  partial  cooling  and  saturation  just  described  might  represent 
the  average  condition,  at  some  point  in  transit,  of  the  current  of  air 
flowing  through  a  drying  kiln.  Here  again  the  minute  detail  repre- 
sented by  the  differential  expression  and  its  integration  may  be  passed 
over,  and  it  is  a  simple  matter  to  write  directly  the  equation  of  net 
effect 
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r'(W-Wo)  +  C^u{t'-t')(W-Wo)==C^(to-t)  +  C,^Wo{io-i^ 

(area  CKHM)  (area  DAKL, 

The  left-hand  member  of  this  equation  shows  evaporation  of  {W  - 
Wo)  plus  superheating  to  to  t,  the  right-hand  member  shows  cooling 
of  the  original  "air"  mixture  from  to  to  L 

Of  the  general  operation  of  inducing  vaporization  by  air  currents, 
adiabatic  saturation  is  a  particular,  limiting  case,  in  that  all  heat  is 
excluded  except  what  is  carried  by  the  original  air.  The  diametri- 
cally opposite  condition  is  exemplified  in  the  working  of  the  cooling 
tower,  where  heat  for  vaporization  is  all  taken  from  the  descending 
current  of  warm  water.  The  ascending  air-and-vapor  current  actu- 
ally rises  in  temperatiu*e,  so  that  the  final  saturation  capacity  is  that 
of  air  at,  or  nearly  at,  the  initial  temperature  of  the  warm  water  coming 
to  the  tower. 

Thos.  M.  Gunn  (written).  In  this  paper  is  to  be  found  without 
doubt  a  valuable  asset  to  the  engineer  concerned  with  computations 
on  atmospheric  humidity  and  corresponding  heat  changes.  It  is  to 
be  noted  that  the  data  and  charts  have  particular  application  to  a 
barometric  pressure  of  29.92  in.  of  mercury,  and  are,  therefore,  not 
directly  applicable  at  high  altitudes,  or  to  problems  where  the  pres- 
sure of  the  air  is  varied  from  standard  atmospheric  in  the  course  of 
its  treatment.  There  is  still  need  of  broader  treatment  of  the  subject 
for  these  varying  conditions.  Moreover,  recent  developments  in 
internal-combustion  engines  and  gas  turbines  show  a  great  need  of  the 
investigation  of  laws  pertaining  to  the  adiabatic  expansion  of  vapor- 
gas  mixtures,  especially  within  the  range  where  condensation  occurs. 

The  question  of  definition  should  be  carefully  considered.  The 
expressions,  per  cent  of  isothermal  saturation,  per  cent  of  adiabatic 
saturation,  and  absolute  humidity  are  fully  defined  in  this  paper. 
At  the  same  time  other  terms  are  used  which  are  more  or  less  synony- 
mous with  one  or  another  of  these,  but  not  being  definitely  stated 
lead  to  doubt  or  ambiguity.  Such  terms  are  per  cent  or  degree  of 
saturation,  humidity,  and  relative  humidity.  For  instance,  the  term 
percentage  humidity  as  it  appears  on  Figs.  1  and  2  evidently  refers  to 
per  cent  of  isothermal  saturation,  while  it  is  not  clear  that  the  expres- 
sion has  the  same  meaning  throughout  the  paper.  The  difficulty, 
however,  is  not  as  great  in  this  paper  as  in  most  literature  on  the 
subject. 

The  curve  of  total  heat  is  stated  in  Par.  70  to  represent  the  sum  of 
sensible  heat  of  the  air  above  0  deg.  fahr.  and  the  latent  heat  of  the 
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vapor,  but  not  the  heat  of  the  liquid.  In  calculations  upon  the 
exchange  of  heat  between  air  and  water  in  a  cooling  tower,  or  in  the 
case  cited  of  removal  of  moisture  by  refrigeration,  the  heat  of  the 
liquid  should  not  be  neglected  if  accuracy  is  required.  In  other 
words,  such  a  process  as  takes  place  in  the  cooling  tower  does  not  cor- 
respond to  what  Mr.  Carrier  defines  as  adiabatic  saturation.  To 
have  the  heat  given  up  by  the  cooling  of  air  and  water  vapor  equal 
that  used  in  the  process  of  evaporation,  or  in  other  words  to  fulfil 
equation  [6],  there  must  be  no  communication  of  heat  to  or  from  the 
acting  elements.  If  the  water  is  in  contact  with  other  water  of  another 
temperature  there  is  such  a  transfer.  Where  the  original  tempera- 
ture of  water  exposed  to  such  evaporation  is  other  than  the  so-called 
wet-bulb  temperature,  the  heat  of  the  liquid  must  be  taken  into 
consideration. 

This  would  make  it  appear  that  if  the  water  with  which  a  wet  bulb 
is  moistened  is  other  than  the  correct  wet-bulb  temperature,  the  heat 
of  the  liquid  and  of  the  thermometer  bulb  itself  will  prevent  the  bulb 
temperature  reaching  its  correct  value.  The  process  at  first  is  not 
adiabatic  when  the  psychrometer  is  first  whirled,  but  is  such  as 
to  bring  the  temperature  rapidly  toward  the  point  of  adiabatic 
saturation  as  a  limit,  and  it  is  only  a  question  as  to  whether  the 
moisture  on  the  bulb  will  not  all  be  evaporated  before  the  required 
accuracy  has  been  reached,  which  does  not  often  occur. 

It  appears  that  equation  [6]  might  be  questioned,  even  assuming 
the  definition  of  adiabatic  saturation  to  be  permissible.  In  it  the 
latent  heat  of  that  amount  of  water  which  is  evaporated  is  to  be 
equated  to  the  change  in  heat  contents  of  the  original  air-vapor 
mixture.    The  latter  is  said  to  be  equal  to 

which  would  be  correct,  if  the  pressure  of  the  air  and  of  the  water 
vapor  remained  constant.  This  is  not  the  case.  It  is  assumed  that 
the  total,  or  barometric,  pressure  remains  constant.  The  formation 
of  more  vapor  causes  an  increase  in  vapor  pressure,  and  this  in  turn 
requires  that  the  partial  pressure  of  the  air  decrease.  Then  the  par- 
tifiJ  pressures  of  the  air  and  of  the  original  vapor  are  both  varying, 
and  the  heat  change  will  not  be  given  with  even  approximate  cor- 
rectness by  the  above  expression  which  assumes  constant  pressure, 
unless  the  pressure  change  is  small.  It  is  small  within  the  lower 
ranges  of  temperatures  such  as  those  represented  in  Fig.  1,  but  at 
higher  temperatures,  the  act  of  saturating  air  with  moisture  incurs 
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large  changes  in  the  partial  pressure  of  the  air,  and,  therefore,  I 
question  the  correctness  of  this  formula  for  this  range,  and  the  cor- 
rectness of  the  adiabatic  saturation  lines  at  the  higher  temperatures 
indicated  in  Fig.  2. 

The  Author.  I  agree  fully  with  most  of  the  points  brought  out 
in  the  discussion.  There  are  a  few  points,  however,  which  sem 
questionable. 

Professor  Heck  suggests:  "May  not  the  large  excess  of  relativdy 
warm  air  flowing  past  the  wet  bulb  of  the  psychrometer  act  as  a  'sur- 
rounding body'  supplying  a  little  heat  to  the  water  by  radiaticm?'' 
Apparently  he  contends  that  a  form  of  gaseous  radiation  exists  which 
would  cause  the  wet-bulb  temperature  to  be  higher  than  the  true 
temperature  of  adiabatic  saturation.  In  answer  to  this,  I  would 
refer  particularly  to  the  experimental  evidence  given  in  Appendix 
No.  1,  Table  6,  which  is  from  a  test  in  which  the  protected  wet  bulb 
subjected  to  a  current  of  dry  air  was  compared  with  the  readiogs  of 
a  wet  sling  psychrometer  bulb  under  ordinary  exposure.  In  Table  7 
we  have  a  log  of  a  similar  test  except  that  instead  of  having  a  pro- 
tected bulb  subjected  to  a  current  of  dry  air,  we  gave  the  same  bulb 
subjected  to  a  current  of  air  adiabatically  saturated  before  coining 
in  contact  with  the  bulb.  If  anything,  the  temperature  of  the  adia- 
batically saturated  air  seems  to  be  slightly  higher  than  the  correspond- 
ing temperature  of  the  protected  wet  bulb,  but  this  difference  is  so 
slight  as  to  be  negligible.  The  large  number  of  tests  made  with  prac- 
tically the  same  results  would  seem  to  thoroughly  substantiate  the 
truth  of  (C),  Par.  22,  which  is  in  question.  Furthermore,  from  the 
theoretical  side.  Professor  Heck  admits  that  the  radiation  from  a  gas 
must  be  relatively  very  slight  and,  by  referring  to  Table  6,  Appendix 
No.  1,  and  to  Fig.  6,  it  will  be  seen  that  the  radiation  error  from  exter- 
nal objects  lay  between  1  and  2  per  cent,  depending  upon  the  velocity. 

However,  it  would  seen  that  the  radiation  of  the  gas,  if  any,  of  which 
Professor  Heck  speaks,  must  be  very  much  smaller  than  this.  Possi- 
bly not  more  than  1  per  cent  of  this,  that  is,  the  error  due  to  radiation 
of  the  gas  might  possibly  be  about  one-fiftieth  of  1  per  cent  of  the  total 
depression  and  entirely  beyond  the  range  of  ordinary  instruments. 
Professor  Heck  suggests  further:  **May  not  this  extra  heat  account 
for  the  small  increase,  above  the  long  accepted  value,  in  the  specific 
heat  of  air  as  determined  by  the  experimental  method  described  in 
the  paper?"  The  value^for  the  specific  heat*of -air  given  in  the  paper 
was  not  determined  by  the  experimental  method  herein  described, 
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but  by  an  entirely  independent  method  of  apparently  great  accuracy, 
by  Swann  (see  Par.  30).  The  formerly  accepted  value  of  the  specific 
heat  of  air  is  certainly  a  great  error. 

The  author  believes  Swann's  value  of  specific  heat  of  air  is  con- 
sidered more  nearly  accurate  by  physicists  than  the  old  value.  The 
author,  however,  is  using  the  method  suggested  in  his  paper  for  check- 
ing this  value  of  specific  heat  as  applied  to  in  the  psychrometric  tables. 

Professor  Heck  objects  to  the  statement  in  Par.  71,  Appendix  No.  3, 
that  the  water  is  evaporated  at  a  vapor  pressure  corresponding  to 
the  temperature  <i,  that  is,  the  dewpoint,  his  claim  being  that  evap- 
oration can  take  place  only  at  the  temperature  and  pressure  corre- 
sponding to  the  temperature  of  the  liquid.  This  contention  is  un- 
doubtedly true,  but  the  author's  statement  is  also  correct. 

It  is  evident  that  the  vapor  pressure  is  at  once  reduced  from  the 
pressure  corresponding  to  the  wet-bulb  temperature  to  the  pressure 
corresponding  to  the  dewpoint  at  a  lower  temperature.  In  fact,  it 
is  the  difference  in  vapor  pressure  between  the  dewpoint  and  the  wet- 
bulb  temperature  that  causes  the  evaporation.  In  any  event,  the 
ultimate  result  is  to  evaporate  a  particle  of  water  at  an  ultimate  pres- 
sure corresponding  to  the  dewpoint  and  with  a  superheat  correspond- 
ing to  the  difference  between  the  dry-bulb  temperature  and  the  dew- 
point  temperature,  exactly  as  the  author  has  stated. 

Mr.  Gimn  emphasizes  the  necessity  of  taking  into  account  the  heat 
of  the  liquid  when  dehumidifying  air  by  means  of  a  cold  water  spray, 
or  in  heating.  This  has  not  been  taken  into  account  in  the  total  heat 
curve  for  a  very  good  reason.  It  always  has  to  be  calculated  inde- 
pendently, because  invariably  the  condensed  moisture  will  be  carried 
through  a  different  range  form  the  air.  The  heat  of  the  liquid,  how- 
ever, is  but  a  small  percentage  of  the  total  heat  so  that  only  a  small 
percentage  correction  is  necessary. 

In  another  paragraph  Mr.  Gunn  states:  "This  would  make  it  appear 
that  if  the  water  with  which  a  wet  bulb  is  moistened  is  other  than 
the  correct  wet-bulb  temperature,  the  heat  of  the  liquid  and  of  the 
thermometer  bulb  itself  would  prevent  the  bulb  temperature  reach- 
ing its  correct  value,"  etc. 

Now  as  a  matter  of  fact,  it  is  quite  a  difficult  matter  to  bring  the 
temperature  of  the  wet  bulb  down  to  the  proper  amount  on  account 
of  the  heat  of  the  liquid  without  having  it  become  entirely  dry,  and 
the  only  sure  way  of  obtaining  a  correct  wet-bulb  reading  is  to  use 
water  which  is  very  close  to  the  proper  wet-bulb  temperature. 

Mr.  Gunn  also  questions  the  correct  physical  basis  of  equation  [6], 
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on  the  ground  that  it  does  not  take  into  account  the  decrease  in  the 
partial  pressure  of  the  air  and  the  increase  of  the  partial  pressure  of 
the  water  vapor,  as  the  water  is  evaporated.  He  states  it  will  intro- 
duce an  error  which  will  be  more  noticeable  at  the  higher  temperatures 
and  humidity.  In  this  argument  Mr.  Gimn  is  quite  mistaken  in  his 
premises.  The  change  in  partial  pressure  of  the  air  and  of  the  water 
vapor  has  absolutely  no  effect  upon  the  amount  of  heat  required,  so 
long  as  the  total  barometric  pressure  remains  constant.  Mr.  Gunn 
apparently  overlooks  the  fact  that  the  increase  in  volume  is  directly 
in  proportion  to  the  decrease  in  partial  pressure  of  the  air,  and  that 
so  long  as  the  product  of  volume  and  partial  pressure  is  constant,  the 
change  in  partial  pressure  will  have  no  effect  on  the  heat  in  the  air. 
The  effect  is  purely  that  of  dilution  and  is  exactly  the  same  as  though 
a  different  gas  were  introduced  at  constant  barometric  pressure. 
In  this  case  the  partial  pressure  of  the  air  would  be  reduced  owing 
to  a  mixture  with  the  other  gases,  but  if  the  total  barometric  pressure 
remains  imchanged,  it  is  evident  that  no  heat  change  will  take  place. 
There  is  one  feature  in  the  paper  which  seems  open  to  criticism, 
and  which  has  not  been  mentioned  by  any  one.  I  believe  that  much 
further  investigation  is  necessary  before  the  results  can  be  fuUy  ac- 
cepted. In  fact,  until  this  investigation  is  made  it  is  to  my  mind  impos- 
sible to  have  complete  assurance  of  the  accuracy  of  the  tables  of  weights 
of  water  vapor  contained  in  1  lb.  of  saturated  air.  This  feature  to 
which  I  refer  is  the  specific  weight  of  water  vapor  in  a  mixture  of 
air  and  water  vapor.  In  Fig.  4  is  given  the  curve  of  the  specific 
weight  of  water  vapor  as  calculated  from  the  tables  of  Marks  and 
Davis.  This  deduced  from  experimental  data  in  which  the  exper- 
iments were  conducted  upon  a  pure  vapor  of  water,  and  it  has  been 
assumed  that  they  apply  directly  to  the  mixture  of  water  vapor  and 
air  at  corresponding  temperatures.  This  assumption  does  not  seem 
to  me  wholly  warranted  without  experimental  corroboration.  Refer- 
ring to  the  curve  in  Fig.  4,  we  see  that  the  specific  weight  of  steam 
increases  with  and  is  a  function  of  the  vapor  pressure.  The  cause 
of  this  increase  in  specific  weight  seems  to  be  due  to  an  increased 
compressive  action  at  the  increased  pressure  of  the  water  vapor 
which  gives  a  greater  relative  density  at  the  higher  pressures  than 
would  correspond  to  that  of  a  true  gas.  Now  the  question  arises 
whether  in  a  mixture  of  air  and  water  vapor,  the  specific  weight  is 
effected  by  the  pressure  of  the  water  vapor  alone,  in  which  case 
the  specific  weight  would  be  imaffected  in  the  mixture,  or  whether  the 
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partial  pressure  of  the  air  has  an  efifect  corresponding  to  an  increased 
vapor  pressure. 

For  example,  pure  water  vapor  at  80  deg.  has  a  specific  weight 
of  0.6240.  Corresponding  to  atmospheric  pressure  and  a  temperature 
of  212  deg.,  it  has  specific  weight  of  0.6330.  Now  on  the  assumption 
that  its  weight  is  affected  only  by  the  vapor  pressure,  we  would  have 
in  amixtiu^  of  airsaturated  with  water  vapor  at  SOdeg.  a  specific  weight 
of  0.6240;  but  on  the  assumption  that  it  was  affected  by  the  total  pres- 
sure and  not  by  the  vapor  pressiu'e,  we  would  have  at  80  deg.  a  specific 
weight  exactly  the  same  as  that  at  212  deg.,  or  0.6330.  This  we 
see  would  permit  a  pound  of  air  satiurated  at  80  deg.  to  hold  1}  per 
cent  more  than  according  to  our  present  theory. 

Whether  or  not  the  partial  pressure  of  air  in  a  mixture  of  air  and 
water  vapor  has  any  effect  upon  the  specific  weight  of  the  water  vapor, 
can  be  determined  experimentally  by  introducing  into  a  vessel  under 
a  vacuum  water  vapor  containing  a  slight  degree  of  superheat  and 
determining  its  true  dewpoint  by  means  of  the  dewpoint  instrument. 
Then  air  which  is  substantially  free  from  water  vapor  may  be  added, 
by  evaporating  and  superheating  liquid  air  for  example,  thus  raising 
the  total  barometric  pressure  without  increasing  the  vapor  pressure. 
After  a  certain  amount  of  pure  air  has  been  added,  the  dewpoint 
may  again  be  determined,  maintaining  practically  the  same  degree 
of  superheat  as  before,  and  if  it  is  true  that  the  specific  weight  of 
water  vapor  is  determined  only  by  the  vapor  pressure,  then  there 
will  be  no  change  whatever  in  the  dewpoint  observed.  On  the  other 
hand,  if  it  is  affected  by  the  partial  pressure  of  the  air,  then  the  dew- 
point  of  the  air  will  be  correspondingly  reduced. 
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AIR-CONDITIONING  APPARATUS 

PRINCIPLES  GOVERNING  ITS  APPLICATION  AND  OPERATION 

By  Willis  H.  Carrier,  Buffalo,  N.  Y. 
Associate  Member  of  the  Society 

and 
Frank  L.  Busby,  »  Butfalo,  N.  Y. 

Non-Member 

Air  conditioning  is  a  term  which  may  be  generally  applied  to  the 
positive  production  and  control  of  desired  atmospheric  conditions 
within  an  enclosure,  with  respect  to  moisture,  temperature  and  pur- 
ity.   Its  particular  concern  is  the  regulation  of  humidity. 

2  The  fundamental  principles  underlying  the  art  of  air  con- 
ditioning have  already  been  discussed  in  an  accompanying  paper.' 
It  is  the  purpose  of  the  present  paper  to  describe  the  apparatus  em- 
ployed and  to  submit  comprehensive  data  relating  to  its  practical 
application  and  operation.  While  much  of  this  material  pertains  to 
humidifying  and  humidity  control,  some  important  original  data 
are  given  on  heat  transmission  by  convection,  which  is  an  important 
factor  in  many  air-conditioning  processes.  Among  these  may  be 
mentioned  the  heating  of  air  by  passing  over  steam  coils;  the  simul- 
taneous heating  and  cooling  of  air,  as  in  a  heat  interchanger  as  em- 
ployed in  dehumidifying;  and  the  dehumidifying  and  cooling  of  air 
with  surface  condensers.  Upon  these  data  as  a  basis  a  new  theory 
of  heat  transmission  by  convection  is  established.  A  rational  for- 
mula is  derived  embracing  both  the  effect  of  velocity  and  tempera- 
ture difference  with  a  correction  for  variation  of  air  density  in  the 
surface  film. 

*  Engineering  Experiment  Sta.,  Univ.  of  111. 

'  Rational  Psychrometric  Formulae,  Trans.,  vol.  33,  No.  1340. 
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3  Air-conditioning  apparatus  for  controlling  the  hiumdity  of 
air  may  be  broadly  classified^  according  to  use,  into  humidifiers  propet, 
which  add  moisture  to  the  air  in  required  amounts;  and  debumidi- 
fiere,  which  remove  a  variable  quantity  of  moisture  from  the  air  to 
reduce  it  to  the  required  standard.     The  relative  humidity  of  fur 


Fia.  1    Air  Washer 


may  also  be  altered,  and  in  a  measure  regulated,  simply  by  changing 
its  temperature  without  affecting  its  moisture  contents. 


TYPES  OF  HUMIDIFIERS 


4  Humidifiers  may  be  classified  into  the  spray  and  evaporative 
types,  the  latter  being  tli\idcd  again  into  direct  and  indirect. 
The  humidity  of  the  air  may  also  be  increased  by  the  direct  intio- 
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ductioD  of  steam  into  the  tar  supply  or  into  the  room.  Since  the 
total  heat  of  the  vapor  at  atmospheric  temperature  is  somewhat 
less  than  the  total  heat  at  steam  temperature,  this  ruses  the  tem- 
perature of  the  ur  perceptibly  and  is  therefore  intolerable  in  the 
majority  of  cases.  Adde^  objections  to  the  direct  use  of  steam  are 
that  it  frequently  gives  a  noticeable  odor  and  that  it  is  difficult  to 


B  -(Flooding  Nozik^ 


Elan 
Fio.  2    Air  Wabber  with  HnuiDiTr  Control 


regulate.    Its  use  is  of  so  little  engineerii^  interest  or  value  that  it 
need  not  here  be  considered. 

5  The  spray  and  evaporative  types  of  humidifiers  have  a  distinct 
value  aside  from  humidifying  in  their  possession  of  a  cooling  effect 
which  is  in  direct  proportion  to  their  moistening  effect.  The  direct 
spray  type  of  humidifier  is  distinguished  from  the  evaporative  type 
in  that  it  introduces  a  finely  divided  or  atomized  spray  directly  into 
the  room  in  constant  volume,  while  the  evaporative  type  introduces 
only  the  water  vapor.  There  is  also  a  mixed  type  which  discharges 
both  moist  air  and  free  moisture  into  the  room. 
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6  In  what  may  be  termed  the  mdirect  evaporative  humidifier 
the  air  is  partly  or  entirely  taken  from  the  outside  and  is  humidified 
and  conditioned  before  it  is  introduced  into  the  room.  In  the  direct 
evaporative  type  the  water  vapor  passes  directly  into  the  air  of  the 
room.  The  indirect  system  of  air  condiljoning  is  also  termed  the 
central  system. 

7  A  disadvantage  of  the  direct  spray  type  is  that  it  always  intro- 
duces a  fixed  quantity  of  moisture  regardless  of  the  needs  or  condi- 
tion of  the  room  until  it  is  closed  off  by  hand^  or  through  a  separate 
automatic  control.  In  the  evaporative  type,  on  the  contrary,  there 
is  an  inherent  self-regulating  feature  owing  to  the  fact  that  the  rate 
of  evaporation  is  in  direct  proportion  to  the  moisture  deficit  in  the 
air.  This  is  especially  true  in  the  indirect  evaporative  type,  which, 
with  all  outside  air,  will  maintain  an  absolutely  uniform  relative 
humidity,  other  conditions  remaining  constant. 

8  Since  the  indirect  evaporative  type  is  capable  of  the  greatest 
development  and  widest  application,  and  therefore  is  of  greatest 
engineering  interest,  this  paper  will  be  devoted  largely  to  the  theory 
of  operation  of  this  system  and  methods  of  its  application. 

9  Figs.  1  and  2  show  the  type  of  air  purifier  and  humidifier 
adapted  for  use  in  the  ventilation  of  auditoriums,  ofiKces  and  public 
buildings.  Its  primary  object  is  the  removal  of  impurities  from  the 
air,  but  combined  with  this  is  the  very  important  function  of  regula- 
tion of  the  hmnidity,  when  below  the  minimum  standard.  When 
the  humidity  is  above  the  required  minimum  standard  it  is  designed 
to  wash  the  air  without  objectional  increase  in  its  moisture  contents. 
The  essential  features  of  this  type  of  apparatus  are: 

a  A  distributing  plate  for  the  purpose  of  reducing  eddies 
and  distributing  the  air  uniformly  over  the  area  of  the 
washer. 

b  A  system  of  atomizing  sprays  so  arranged  as  to  fill  the  air 
completely  with  water  particles  uniformly  distributed 
over  the  chamber  area. 

c  A  centrifugal  pump  for  maintaining  the  proper  pressure 
on  the  spray  nozzles. 

d  A  settling  chamber  provided  with  proper  strainers  for  the 
removal  of  dirt  from  the  spray  water. 

e  An  eliminator.  A,  of  proper  construction  and  ample  sur- 
face for  washing  the  air  by  impact  and  centrifugal  force 
and  for  the  removal  of  all  free  moisture  (Fig.  3). 
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Flooding  nozzles,  B,  to  distribute  an  additional  amount 
of  water  on  the  eliminators  to  increase  the  amoimt  of 
available  wetted  suiface,  to  flush  the  eliminators  and 
to  provide  a  means  of  washing  the  air  without  greatly 
affecting  the  humidity. 

Automatic  water  heater,  C,  for  supplying  heat  and  moisture 
to  the  air  through  the  water  spray.  This  may  be  either 
of  the  closed  type  or  of  the  open,  ejector  type. 

Dewpoint  thermostat  at  D,  subject  to  the  temperature 
of  saturation  and  connected  to  motor  valves  conto)!- 
ling  the  supply  of  heat  to  the  spray  water. 


Fig.  3    Detail  of  Eliminator  fob  Reuovino  Free  Moibturb 


10  Air  is  drawn  through  this  humidifier  by  means  of  a  centri- 
fi^al  fan  at  a  velocity  of  about  500  ft.  per  minute.  The  tempera- 
ture of  the  air  is  raised  immediately  in  the  humidifier  from  any  out- 
door temperatiu-e  to  that  necessary  to  hold  the  de^red  amount  of 
moisture,  ordinarily  to  about  40  deg.  fahr. 

U  The  indirect  humidifier  designed  for  industrial  application 
is  shown  in  Figs.  4  and  5.  This  b  intended  primarily  to  deliver 
completely  saturated  air,  even  when  the  saturation  temperature  is 
above  the  minimum  point.  This  condition  of  saturation  and  the 
cooling  effect  are  of  primary  importance;  the  cleaning  effect  being 
usually  of  secondary  consideration.  The  industrial  humidifiers 
differ  from  the  public  building  air  washer  in  the  following  particu- 
lars (Figs.  6  and  7) : 


Ara-coNDinomNG  appabatub 
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The  centrifugal  atomizing  aprays  are  more  numerous,  and 
operate  at  higher  pressure  to  give  a  more  finely  divided 
mist,  and  discharge  in  the  opposite  direction  to  the  ur 
flow. 


f 

"^MflP^' 

■■     1 

Fio.  6    General  View  of  UuxiDiriER 


The  distributing  plate  is  replaced  by  a  diffuser  composed 
of  horizontal  plates  which  serve  also  as  eliminators  to 
prevent  water  from  being  carried  outward  against  the 
air  current. 

The  humidifying  chamber  is  longer  in  order  to  give  greater 
opportunity  for  saturation. 

The  eliminator  is  not  as  deep  and  is  not  provided  with 
flooding  nozzles. 


WILUB   H.    CARRIER  AND  FRANK   L.    BU8BT  1063 

THB   DEHDMIDIFIEB 

12  Id  the  dehumidlfier  (Figs.  S  &iid  9)  relatively  cold  spray  water 
is  used  to  condense  the  moisture  out  of  the  air.  This  water  is  either 
refrigerated  or  taken  from  an  artesian  well.  When  the  water  is 
artificially  cooled  the  refrigerating  coils  are  usually  placed  in  a  chamber 
underneath  the  spray  chamber,  and  the  water  is  so  distributed  as 
to  flow  unifonnly  over  the  cold  surface,  dropping  to  the  tank  under- 
neath. The  dehumidifler  has  its  sprays  opposed  to  the  direction  of 
air  flow  as  in  the  humidifier,  but  differs  from  the  latter  in  having  usu- 


Fia.  7    HuHiDiPiER  BHOwiNQ  Sprats  in  Operation 


ally  two  setsof  sprays  in  series  instead  of  one.  Two  or  more  dehumid- 
ifiers  are  frequently  placed  in  series  when  the  range  of  air  tempera- 
ture is  great  or  when  an  economy  of  cooling  water  is  essential. 

ROTARY  STRAINER 

13  Whenever  the  air  handled  by  air-conditionii^  apparatus  is 
full  of  impurities,  such  as  lint  in  teTrtile  mill  applications,  the  ordi- 
nary type  of  strainer  would  require  too  much  attention  and  an  auto- 
matic, self-cleaning  rotary  strainer,  shown  in  Fig.  10,  is  essential. 
This  consists  of  a  fine-mesh  brass  or  copper  screen,  covering  a  cylin- 
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drical  drum.  As  this  drum  rotates  it  is  cleaned  at  the  water  surface 
by  a  revolving  bniah.  The  use  of  this  strainer  is  of  great  advantige 
in  humidifiers,  since  it  permits  the  use  of  smaller  nozsles  which  give 
a  more  finely  divided  spray,  with  increased  eflSciency. 


i^Eliminafrr 


Fia.  8    Sectional  Vibw  op  Debduidipikb 


DBWPOINT  METHOD  OF  HUMIDITY  CONTROL 

14  Any  one  of  the  three  spray  types  of  air  conditioners  pre- 
viously described  are  admirably  adapted  for  humidity  control  by  what 
is  known  as  the  dewpoint  method.  This  system  is  applicable  only 
where  the  absolute  moisture  content  of  the  air  in  the  room  is  unaf- 
fected to  any  great  extent  by  extraneous  sources  of  moisture  supply 
or  by  moisture  absorption.  It  depends  upon  supplying  the  enclosure 
with  conditioned  air  having  a  definite  dewpoint  and  maintaining  a 
preilt'termined  relationship  between  this  dewpoint  temperature  and 
the  room  temperature.     The  dewpoint  of  the  air  supply  is  deter- 
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mined  by  saturating  the  air  and  removing  all  free  moisture  at  the 
apparatus  at  a  definite  temperature.  Tliis  dewpoint  will  evidently 
remain  constant  regardless  of  subsequent  variationa  in  air  tempera- 
ture. It  may  be  shovm  that  the  percentage  of  relative  humidity 
in  on  enclosure  is  dependent  upon  the  diSerence  between  the  dewpoint 
temperature  sjid  the  room  temperature  and  that  it  is  substantially 
constant  for  any  variation  in  room  temperature  so  long  as  the  differ- 


Gekekal  Vibw  of  Dehuhidifier 


ence  between  the  dewpoint  and  room  temperatures  is  maintained 
constant  (Tables  I  and  2). 

15  It  is  evident  that  this  system  is  particularly  adapted  to  ther- 
mostatic control  of  (a)  the  dewpoint  (saturation  temperature  at  the 
apparatus)  and  the  room  temperature  independently;  (6)  the  dew- 
point  with  reference  to  a  variable  room  temperature;  or  (c)  the 
room  temperature  with  reference  to  a  variable  dewpoint  tempera- 
ture.   System  (a)  is  generally  applied  to  air  washers  and  humidifiers 
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under  winter  conditions,  where  the  outside  temperature  is  consider- 
ably lower  than  the  room  temperature  and  to  dehumidifiers  where 
it  is  possible  to  maintain  a  definite  dewpoint  temperature  throughout 
the  entire  year.  Outlets  in  the  dewpoint  air-conditioning  are  shown 
m  Fig.  11. 

16  However  during  summer  conditions  the  saturation  point  at 
the  apparatus  will  frequently  and  imavoidably  be  higher  than  the 
required  minimum  dewpoint.     Under  such  variable  temperature 


TABLE  2  HEAT  REQUIRED  TO  CONDITION  1000  CU.  FT.  OF  AIR  (MEASURED  AT 
70  DEG.  FAHR.)FROM  VARIOUS  ENTERING  WET-BULB  TEMPERATURES  TO  VAR- 
IOUS DEWPOINT  TEMPERATURES 
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conditions  it  is  necessary  to  control  temperature  with  reference  to 
the  dewpoint  according  to  system  (c),  and  a  humidifier  is  employed 
to  give  the  air  complete  saturation  under  these  conditions.  One  of 
the  forms  of  differential  thermostats  which  will  be  described  later 
effects  this  control. 
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I''iG.  12    Dewpoint  Thermostat 
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room  where  the  humidity  is  controlled,  maintains  a 
constant  room  temperature,  either  by  controlling  the 
temperature  of  the  air  entering  the  room,  or  by  control- 
ling some  source  of  heat  within  the  room.  With  these 
two  temperatures  maintained  constant,  the  percentage 
of  humidity  in  the  room  will  remain  constant,  and  will 
depend  upon  the  difference  between  the  dewpoint  temper- 
ature maintained  at  the  humidifier  and  the  temperature 
maintained  in  the  room,  as  previously  shown  in  Table  1. 

b  By  a  differential  thermostat  either  of  the  form  shown  in 
Fig.  12,  or  as  shown  in  Fig.  14.  This  type  of  dewpoint 
control  is  required  wherever  it  is  impracticable  to  main- 
tain either  a  constant  dewpoint  or  a  constant  room  tem- 
perature. In  this  method  there  are  two  elements,  one 
of  which  is  exposed  to  the  dewpoint  temperature,  while 
the  other  is  exposed  to  the  room  temperature.  They 
are  so  connected  that  they  act  conjointly  upon  a  single 
thermostatic  valve  connected  with  operating  motors 
arranged  to  control  the  dewpoint  temperature  in  rela- 
tion to  the  variable  room  temperature,  or  to  control  the 
room  temperature  with  respect  to  the  variable  dewpoint 
temperature. 

c  By  means  of  some  form  of  differential  hygrostat,  as  shown 
in  Figs.  17,  21  and  22.  This  controls  the  wet-bulb  tem- 
perature with  respect  to  the  dry-bulb  temperature,  so  as 
to  maintain  a  constant  relative  humidity  without  regard 
to  the  dewpoint  or  variation  in  room  temperature. 

DEWPOINT  THERMOSTAT 

18  The  type  of  thermostat  usually  employed  in  maintaining 
a  constant  dewpoint  is  shown  in  Fig.  12.  This  consists  of  an  outer 
expansive  member  A,  usually  brass,  and  an  inner  non-expansive 
member  B  of  nickel  steel.  These  two  members  are  firmly  connected 
at  the  end  C.  The  other  end  of  the  inner  member  B  is  provided  with 
a  bronze  valve  D,  ground  to  fit  the  adjustable  valve  seat  -B,  supported 
by  the  member  A.  Compressed  air  is  admitted  through  the  con- 
nection F  to  the  annular  chamber  G  between  the  inner  and  outer 
tubes.  As  the  outer  member  expands,  the  valve  D  recedes  from  its 
seat,  allowing  the  compressed  air  to  escape  into  the  outlet  connec- 
tion H,  which  connects  with  the  diaphragm  valve  controlling  the 
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temperature  of  the  spray  water,  so  as  to  reduce  the  temperatuie  of 
the  dewpoint.  When  the  dewpoint  temperature  falls  below  the  point 
dedred,  the  outer  member  oontracts,  closing  off  the  air  supply  to  the 


1 

i  '■ . 

1 

Fia.  13    Metallic  DifkdrkntialThbruostat 


diaphragm  valve,  connected  to  H,  and  the  air  pressure  to  the  dia- 
phragm motor  is  released  through  the  adjustable  vent  /.  This 
vent  allows  an  air  leak  varying  with  the  pressure  on  the  diaphragm 
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motor.    Therefore  the  relation  of  the  area  of  opening  through  the 
valve  D-E,  to  the  constant  area  of  the  vent  opening  J,  detenninea 
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Fio.  14    Sauplinq  TnsB  op  DiprsHENTiAL  Therhobtat 

the  graduated  pressure  on  the  diaphragm  motor,  at  any  instant. 
This  is  found  in  practice  to  give  a  very  sensitive  as  well  as  positive 
control. 
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MBTALUC  DIFFEBENTIAL  THERMOSTAT 

19  The  differential  thermostat  shown  in  Fig.  13,  resembles  the 
dewpoint  thermostat  in  many  features  of  construction,  except  that 
it  consists  of  two  expansible  members  operating  conjointly,  instead 
of  one.  The  outer  member  A  is  subjected  to  the  dewpoint  tempenir 
ture  at  the  humidifier,  while  the  inner  member  B  is  subjected  to  a 
strong  current  of  air  drawn  from  the  room  to  be  conditioned  by  means 
of  an  aspirator  or  fan,  through  an  insulated  tube.  The  two  members 
are  insulated  from  each  other  by  an  annular  space  C,  filled  with  min- 
eral wool.  These  two  members  are  connected  at  the  base  P  and  act 
conjointly  upon  the  double-ported  valve,  D-E.  Compressed  air  is 
admitted  to  the  chamber  M  through  the  connection  F,  and  passes 
through  the  valve  E  to  the  chamber  J,  which  is  joined  by  the  connec- 
tion G  to  the  diaphragm  motor  closing  off  the  supply  of  heat  to 
the  spray  water.  Whenever  the  difference  between  the  dewpoint 
and  the  room  temperature  is  greater  than  that  for  which  the 
instrument  is  adjusted,  by  means  of  the  dial,  the  outer  member  A 
contracts  with  reference  to  the  inner  member  B,  This  closes  the 
port  Ey  cutting  off  from  the  chamber  J  the  supply  of  compressed  air, 
simultaneously  opening  the  port  D,  and  allowing  the  air  to  escape 
from  the  diaphragm  valve,  which  then  operates  to  raise  the  tempera- 
ture of  the  spray  water. 

20  The  means  employed  for  bringing  the  sample  of  air  from  the 
room  to  the  thermostat  is  shown  in  Fig.  14.  The  sample  of  air 
is  drawn  through  the  insulated  inner  tube,  while  room  air  is  also 
drawn  through  the  armular  space  between  this  insulation  and  the 
outer  pipe  by  means  of  a  fan  draft.  This  outer  tube  is  also  insulated 
outside  of  the  room.  The  sampling  tube  usually  connects  with  the 
thermostat  at  Hj  while  the  aspirator  is  connected  at  /. 

FLUID  DIFFERENTIAL  THERMOSTAT 

21  This  type  of  differential  thermostat  (Fig.  15)  is  adapted  for 
use  where  there  are  several  floors  to  be  controlled  independently  and 
conditioned  from  a  central  apparatus.  The  dewpoint  member  and 
room  member  each  consist  of  hermetically  sealed  chambers  filled 
with  air  or  other  fluid  under  pressure.  The  air  or  fluid  in  either  of 
these  members  will  tend  to  expand  and  will  increase  the  pressure,  with 
constant  volume,  in  direct  proportion  to  the  increase  of  temperature. 
The  pressure  in  the  dewpoint  member,  B,  is  conveyed  either  directly 
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or  proportionately  to  the  diaphragm  E  of  the  differential  thermoatat 
C,  through  the  differential  relay  D  and  connecting  tube  H.  The 
room  member  A,  which  haa  an  adjustable  bulb  J,  connects  throi# 
tube  K  to  diaphrf^m  F  of  the  differential  thermostat.  The  pressurea 
or  proportionate  pressures  in  these  two  elements  are  thus  opposed  to 
each  other  through  the  lever  N.  Any  unbalancing  of  pressures  oper- 
ates the  valve  0,  which  is  shown  in  detail  in  lilg.  16.  So  long  as  the 
temperature  difference  between  the  dewpoint  temperature  at  iix 
apparatus  and  the  room  temperature  remuns  constant,  the  preesuret 
on  the  diaphragms  E  and  F  will  remain  balanced  and  no  movemeot  of 


|1« 

Fio,  16    Construction  op  Thermostatic  Valve 

the  valve  0  will  take  place.  If,  however,  an  excess  of  moist  air  is 
admitted  to  the  room,  until  its  temperature  is  reduced  to  a  point 
where  the  difference  between  it  and  the  dewpoint  temperature  is 
less  than  the  predetennined  amount,  the  pressure  on  tbe  diaphragm 
F  will  be  less  than  the  pressure  on  diaphragm  E.  This  will  permit 
the  valve  G  to  operate,  bringing  pressure  on  damper  motor  L  and 
closing  the  damper  M,  cutting  off  the  supply  of  cool  moist  air. 

22  Adjustable  bulb  J,  exposed  to  the  room  temperature  and  pro- 
vided with  a  dial,  permits  the  thermostat  to  be  adjusted  for  any  desired 
difference  between  dewpoint  temperature  and  room  temperature, 
and  consequently  for  any  percentage  of  relative  humidity  regardless 
of  variation  in  room  temperature. 
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23  The  coDHtruction  of  the  thermostatic  valves  0  and  Q'  is  shown 
in  Fig.  16.  Compressed  air  is  admitted  at  A  through  filter  F 
into  the  restriction  chamber  Q,  and  also  in  a  constant'amount  through 
restriction  into  chamber  B,  connectii^  in  case  of  the  differential 


Motor  (O 


Flo.   17    Cabbibr  DiFrsBBNTiAL  Hxobostat 


relay  with  diaphragm  E  of  the  differential  thermostat,  and  in  case 
of  the  differential  thermostat  with  the  diaphragm  motor  controlling 
damper  M,  Upon  the  lower  side  of  the  diaphragm  lever  i>  is  a  uni- 
formly ground  and  polbhed  surface  D'  which  approaches  or  recedes 
from  the  nozzle  C  as  the  pressure  on  one  diaphr^m  overcomes  that 
on  the  other,  increasing  or  decreasii^the  pressure  infcorrespcnidingly. 
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DIFFERENTIAL  HTOROBTAT 


24  In  many  instances  the  dewpoint  system  of  humidity  cootnl 
cannot  be  applied  to  advantage.  In  such  cases  a  differential  hygio- 
Btat  may  be  employed.  The  differential  hygroetat  (Figs.  17  and 
18)  consists  of  two  members,  one  of  which  is  subjected  to  the  dry-buJb 
temperature  of  the  room,  while  the  other  is  subjected  to  the  wet-bulb 
temperature.  The  expansive  dry-bulb  member  A,  and  the  wet4>Dlb 
member  A',  of  hard  rubber  tube,  connected  by  levers  F  and  0,  oper-  ' 
ate  conjomtly  the  valve  lever  E.     Valve  D  and  restriction  B  are 


Fio.  18    Carriii^r  Di 

similar  in  construction  to  the  valve  shown  in  Fig.  16  and  operate  in 
the  same  way.  As  ^vi^  be  seen  from  Figs.  19  and  20,  the  difference 
between  the  dry  and  wet-bulb  temperature  for  a  given  per  cent  of 
humidity  is  not  constant  at  different  dry-bulb  temperatures,  i.e-, 
a  constant  difference  maintained  between  dry  and  wet-bulb  temper- 
atures would  not  result  in  a  constant  per  cent  of  humidity  during  this 
change.  For  instance,  with  50  per  cent  of  humidity  at  a  dry-buib 
temjjerature  of  70'deg.,  the  wet-bulb  temperature  is  5S.42  deg,,  a  diStf- 
enceof  11.5Sdeg.     At  80  deg.  the  wet-bulb  temperature  is  66.65  dtg., 
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or  a  difference  of  13.35  deg.  Thuaitwill  be  seen  that  the  dry-bulb  tem- 
perature has  risen  10  deg.,  while  the  wet-bulb  has  risen  but  8.23  deg- 


Ary-Bulb  Tompwatiue 
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a  difference  of  1.77  deg.    To  compensate  for  this  difference  a  change 
of  leverage  ia  effected,  as  indicated  by  graduations  on  lever  Q,    An 
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adjufitment  H  pennits  of  r^ulation  to  any  desired  humidity.  At 
shown  in  sectional  view,  a  wick  L  covers  A',  being  moistened  b; 
water  held  in  chamber  M.  A  sufficient  current  of  room  air  b  drawn 
by  means  of  an  aspirator  K,  over  A'  through  chamber  J. 


FiQ.  21    Improved  Form  op  Gabbier  Dipfebential  Htouobtat 


25  An  improved  form  is  shown  in  Fig.  21.  It  difTers  essentlAll? 
in  three  features:  (a)  the  air  current  b  drawn  over  both  expansive 
incnibers;  {b)  the  action  of  a  portion  of  the  expansive  member,  A, 
is  cut  out  in  the  adjustment  instead  of  its  action  being  decreased  by  a 
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change  of  leverage;  (c)  the  unique  feature  of  this  form  is  that  it  re- 
quires but  one  adjustment.  A  differential  thread  is  used,  making  it 
a  compound  adjustment.  The  pitch  of  the  thread  D,inA,\B  greater 
than  the  pitch  of  the  thread  on  the  adjusting  screw.  As  the  screw 
moves  along  to  shorten  A,  sufficient  to  compensate  for  change 
of  difference  of  dry  and  wet-bulb  temperatures  for  varying  dry-bulb 
temperature,  as  shown  by  graduations    A  and  A'  actii^  conjointly 


Via.  22    Vapor  Pressobe  Htobobtat 


through  rocker  arm  B  are  carried  back,  so  adjusting  lever  G,  as  to 
maintain  the  humidity  for  which  the  indicator  is  set. 

26  Vapor  Pressure  Hygrodat.  Fig.  22  shows  an  improved  form 
of  hygrostat  operated  by  the  relative  pressures  of  a  volatile  liquid 
subjected  to  the  wet  and  dry-bulb  temperatures.  These  vapor 
pressures  act  through  suitable  diaphragms  upon  a  common  lever 
at  variable  distances  from  the  fulcriun.  Referring  to  Fig.  22,  A  is 
the  dry-bulb  member,  A'  the  wet-bulb  member,  covered  with  a 
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wick  or  absorbent  material  and  moistened  by  atomised  spray  pro- 
duced by  the  atomizing  nozzle  M  (Fig.  22,  shown  in  detail  in  ¥i%.  23). 
A  current  of  air  is  drawn  over  both  the  dry  and  wet  bulbs  by  meam 
of  the  aspirator,  as  shown  in  sectional  view  (Fig.  22).  The  vapor 
pressures  in  these  bulbs  are  conducted  to  the  corresponding  diaphragms 
by  means  of  tubes.  Diaphragm  B'  is  connected  with  the  wet  bulb  A', 
and  the  diaphragm  B  connects  with  the  dry  bulb  A.  The  diaphragm 
B'  acts  upward  on  the  lever  Q  through  the  link  H,  wbilethe  diaphragm 
B  acts  downward  at  point  G,  between  the  link  H  and  the  fulcrum  ¥. 
Fulcrum  F,  consists  of  a  hardened  steel  ball  having  a  rolling  contact 
with  the  lever  G,  and  the  adjusting  bar  E.  The  adjusting  bar  E  is 
moved  by  a  rack  and  pinion  D-L.  The  scale  in  per  cent  of  humidity 
is  attached  to  the  lever  G,  while  the  pointer  is  carried  on  the  adjusting 
bar  E  and  therefore  moves  proportionally  with  the  fulcrum.    Any 


Carrikr  Vapor  Pbessum 


adjustment  of  F  changes  the  relative  leverage  of  B  and  B';  so  that 
by  adjustment  of  it  any  ratio  of  leverage  may  be  secured.  Any 
movement  of  the  lever  G  operates  the  balanced  thermostatic  valve 
C,  which  controls  the  source  of  himiidificatioQ.  The  particular 
fluid  adapted  for  use  in  this  type  of  instrument  is  sulphur  dioxide, 
the  temperature  pressure  properties  of  which  are  remarkably  adapted 
to  this  purpose,  as  shown  in  Table  3  and  Fig,  24.  The  ratio  of  sul- 
pliur  dioxide  pressures  corresponding  to  wet  and  dry-bulb  tempera- 
tures is  substantially  constant  at  any  per  cent  of  humidity  for  any 
range  of  dry-bulb  temperatures  between  60  and  100  deg.  This  makes 
it  possible  to  oppose  the  pressures  at  any  desired  ratio  corresponding 
to  the  required  per  cent  of  humidity,  where  it  will  control  throughout 
any  r.inp;p  of  dry-bulb  temperatures, 

27  Recording  Hygrometer.  The  same  principle  is  applied  \.f>  great 
advantage  in  the  recording  hygrometer  shown  in  Fig.  25.  In  thi= 
we  have  dry  bulb  A  and  wet  bulb  A'  connected  respectively  to  dia* 
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rcHBOMBTRic  Wet  and  Det-Bulb  Temperatures  f 
Pbrcgmtagks  of  Humidity 


TABLES  RELATIVE  PRESSURES  OP  SULPHUR  DIOXIDE  VAPOR  CORRE8POND- 
INO  TO  F8YCHR0UETRIC  WET  AND  DKV-BULB  TEMPERATURES  FOR  VARIOUS 
PERCENTAQES  OF  £ 
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phragms  B  and  B^  which  act  through  the  links,  D  and  D',  upon  the 
levers  C  and  C,  which  act  upon  ball-bearing  fulcrums  F  and  F\ 
The  relative  forces  are  transmitted  from  the  levers  C  and  C  through 
the  links  E  and  E'  to  the  rocker  arm  G,  which  is  firmly  supported  by 
minute  ball  bearings.  To  the  rocker  arm  G,  is  connected  the  record- 
ing pen  H.  By  referring  to  Table  3  and  Fig.  24,  it  will  be  seen  that 
any  per  cent  of  humidity  may  be  represented  at  all  temperatures  by 


r  - 


h^^^^,mM.M.a. 


Fio.  26    Lbveragb  Diagram  of  Carrier  Recording  Hygrometer 


a  pressure  ratio.  The  rocker  arm  G  acts  as  an  evener.  When  it  is  acted 
upon  by  the  stronger  force  of  the  dry  bulb  through  the  link  E,  it 
rotates  toward  C,  decreasing  the  everage  of  E  and  increasing  the 
leverage  of  E'y  until  the  two  moments  are  exactly  balanced  as  shown 
in  diagram  Fig.  26.  The  angular  deflection  of  the  rocker  arm  will 
then  indicate  the  ratio  of  pressures  in  the  diaphragms  B  and  B\ 
Therefore  the  angular  deflection  is  constant  for  any  percentage  of 
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humidity  regardless  of  temperature  variations.  The  spring  J  has 
an  important  function  as  a  compensator,  both  for  the  smaU  pressure 
subtractions  required  to  obtain  an  exact  ratio,  and  for  the  slight  resis- 
tance of  the  diaphragms  B  and  B'.  The  latter  compensation  while 
exceedingly  simple,  is  effectual  and  complete,  allowing  for  any  amount 
of  diaphragm  resistance.  This  permits  the  instrument  to  give  per- 
feet  indications  regardless  of  the  temperature  variations,  or  the  wdght 
of  the  material  used  in  the  construction  of  the  diaphragms. 

ELEMENTS  OF  DESIGN  OF  HUMIDIFIERS  AnD  OF   AIR-CONDI- 
TIONING SYSTEMS 

28  The  degree  of  saturation  of  the  air  leaving  any  type  of  ur 
washer  depends  upon  the  intimacy  of  the  contact  of  the  air  and  water, 
and  upon  the  relation  of  the  water  temperature  to  the  wet-bulb 
temperature  of  the  entering  air.  It  also  depends  to  some  degree 
upon  the  length  of  the  spray  chamber  as  well  as  upon  the  velocity 
of  the  air  passing  through  it.  With  the  centrifugal  type  of  spray 
nozzles  the  water  pressure  is  a  most  important  element  affecting  Hbt 
degree  of  saturation.  Fig.  27  shows  the  humidifying  effect  secured 
with  various  velocities  and  at  different  pressures  on  the  spray  noszle, 
in  a  standard  humidifier  having  four  ^-in.  orifice  centrifugal  spray 
nozzles  per  sq.  ft.  These  data  were  obtained  from  a  test  in  which 
the  wet-bulb  depression  of  the  entering  air  was  maintained  constant 
at  16  deg.  It  will  be  noted  that  an  increase  of  2\  lb.  per  sq.  in.  in 
the  spray  pressure  permitted  a  greatly  increased  velocity  with  per- 
fect saturation,  an  effect  which  was  undoubtedly  due  to  the  increased 
fineness  of  the  spray  rather  than  to  the  increase  in  the  amount  of  water 
discharged.  In  this  test,  as  in  all  standard  humidifiers,  the  water 
was  discharged  in  the  direction  opposite  the  air  flow,  which  greatly 
increased  the  efficiency  of  saturation. 

29  When  the  spray  water  is  recirculated  without  heating  as  in 
warm  weather,  it  remains  at  all  times  substantially  at  the  wet- 
bulb  temperature  of  the  entering  air  while  the  wet-bulb  tempera- 
ture of  the  air  leaving  the  washer  or  humidifier  is  unchanged. 
Therefore  it  follows,  in  conformance  with  the  theory,  that  when  the 
air  is  completely  saturated  as  in  the  humidifier  the  air  is  cooled  to 
the  wet-bulb  temperature  of  the  incoming  air.  This  cooling  effect 
is  due  to  the  transformation  of  sensible  heat  into  latent  heat  of  evap- 
oration and  is  therefore  in  direct  proportion  to  the  moisture  added 
to  the  air.    The  wet-bulb  depression  in  atmospheric  air  averages 
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from  12  to  16  deg.  in  summer,  while  occasionally  a  depression  of  20 
to  30  d^.  is  found  in  extremely  hot  and  dry  weather.  In  every  case 
the  humidifier  will  cool  the  incoming  air  a  corresponding  number  of 


30  When  saturation  is  incomplete,  as  in  the  ordinary  wr  washer, 
the  wet^bulb  depression  of  the  air  leaving  the  washer  is  found  to  be  a 
conatant  percentage  of  the  initial  wet-bulb  depression,  when  the  air 
velocity  remains  constant. 
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o,  27    Effect  of  Sprat  PnBSSunE  and  Aie  Velocity  tjpon  thi  Dbobkk 

OF  Satcbation.     Initial  Wbt-Bdlb  Depbbssion  - 16  Deq.  Fahb. 


31  It  also  follows  that  the  cooling  effect  is  a  constant  percentage 
of  the  initial  wet-bulb  depression.  Thb  may  be  expressed  by  the 
formulae 


tt-~t'  ^ 

U-t' 


tl] 
.[2] 


C  =  constant  wet-bulb  temperature 
fi=  temperature  of  air  entering  washer 
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^= temperature  of  air  leaving  washer 

72  =  constant  ratio  depending  upon  intimacy  of  contact,  air 

velocity,  etc. 
1 — i2 = S = eflSciency  of  saturation 


POWER    REQUIRED    FOR    OPERATING    HUMIDIFIERS 

32  Table  4  exhibits  the  power  required  to  saturate  1000  cu.  ft. 
of  air  per  minute  at  various  velocities.  This  is  based  on  overcoming 
the  resistance  of  the  humidifier,  using  a  fan  with  a  static  efficiency 
of  45  per  cent,  a  fair  value. 


TABLE   4 


RESISTANCE   OF   CARRIER   HUMIDIFIERS   AND    HORSEFOWBR 
REQUIRED  TO  HUMIDIFY  1000  CU.  FT.  OF  AIR 


Velocity  through 
Spray  Chamber 
in  Ft.  per  Min. 


Total  Ham- 


850 
400 
450 
500 
550 
600 
650 
700 
750 


Horsepower  to   Horsepower  for 
T>^.-*  .       T>     .  *  .     '  Move  1000  Cu. '  Spray  per  1000  ,,,,.^  p^„i«4 

Reelstence  In     Reatotance  In  pt.  Air  per  Mln.l  Cu.  Ft!^f  Air  S^TSiSS^Sf 
In.  of  Water      0«.  per  Sq.  In.   ^^  45  p^^.  Cent        (A  Orifice      P«100pCu-" 


Fan  Efficiency  I         Nossle) 


of  Air 


0.112 
0.147 
0.186 
0.229 
0.277 
0.330 
0.387 
0.450 
0.516 


0.0647 
0.0850 
0.1075 
0.1322 
0.1600 
0.1006 
0.2240 
0.2600 
0.2900 


0.0301 
0.0513 
0.0052 
0.0800 
0.0068 
0.1150 
0.1350 
0. 1570 
0. 1810 


0.1408 
0.1231 
0.1005 
0.0085 
0.0807 
0.0822 
0.0758 
0.0704 
0.0658 


0. 

0. 

0. 

0 

0 

0. 

0. 

0. 

0. 


1799 
1744 
1747 
178S 
186S 
1972 
2106 
2274 
2468 


33  This  does  not  include  the  power  required  to  overcome  the 
resistance  of  the  ducts,  which  varies  considerably,  but  which  should 
not  exceed  that  required  for  the  humidifier.  The  resistance  of  the 
heating  coils  is  not  considered,  because  in  summer  when  the  largest 
supply  of  air  is  usually  required  the  air  is  by-passed  around  the 
heaters,  while  in  winter  the  requirements  are  so  much  smaller  that 
the  total  horsepower  is  greatly  reduced  and  the  total  resistance  is  but 
slightly  increased. 

34  The  power  required  to  pump  the  water  is  based  on  the  use  of 
centrifugal  pumps  giving  55  per  cent  efficiency  and  using  A-in.  ori- 
fice nozzles  with  rotary  self-cleaning  strainers. 


RELATION  OP  COOLING  EFFECT  TO  PERCENTAGE  OF  RELATIVE  HUMIDfTT 

35  In  the  moist  air  system  of  humidifying  it  is  evidently  essen- 
tial, as  shown  in  Table  1,  that  the  difference  between  the  de\iT)oint 
temperature    of    the    incoming    air    and    the    room   temperature 
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shall  not  exceed  a  predetermined  value  depending  upon  the  per- 
centage of  humidity  to  be  maintained.  The  minimum  temperature 
at  which  air  can  be  introduced  is  evidently  the  dewpoint  or 
saturation  temperature  at  the  apparatus.  This  permissible  temper- 
ature rise  limits  the  possible  cooling  effect  to  be  obtained  from 
each  cubic  foot  of  air  as  shown  in  Table  5.  This  relationship  is  of 
prunary  importance  in  the  design  of  the  humidifying  system  and  the 
disregard  of  it  has  been  the  chief  cause  of  failure  or  of  unsatisfactory 
operation. 

36  In  the  majority  of  industrial  applications  the  problem  during 
warm  weather,  and  in  some  instances  throughout  the  entire  year,  is 
as  much  a  question  of  cooling  as  of  humidifying.    Indeed,  in  the 


TABLE  5    COOLING  CAPACITY  OF  CARRIER  HUMIDIFYING  SYSTEM 


Per  Cent  Humidity  In  Room 


Difference  between  Dewpoint 
and  Room  Temperature 


50 

ao.3 

55 

17.7 

60 

15.2 

05 

12.8 

70 

10.8 

75 

8.8 

80 

5.8 

Cu.  Ft.  of  Air  at  70  Deg.  Fahr. 

Required  per  B.t.u.  Cooling 

Effect 


2.71 
3.11 
3.63 
4.31 
5.10 
6.37 
8.11 


moist  air  system,  as  has  just  been  shown,  one  is  dependent  on  the 
other.  In  every  industrial  air-conditioning  plant  there  are  four 
sources  of  heat  which  must  be  taken  into  account  in  the  design  of  the 
system: 

a  Radiation  from  the  outside  owing  to  the  maintenance  of  a 
lower  temperature  inside.  At  ordinary  humidities  this 
is  negligible,  but  at  high  humidities  and  in  dehumidifying 
plants  it  is  an  important  factor,  owing  to  the  increased 
temperature  difference.  This  may  be  calculated  from 
the  usual  constants  of  radiation. 

b  The  heating  effect  of  direct  sunlight.  This  is  especially 
noticeable  from  window  shades  and  exposed  windows  and 
skylights  where  the  entire  heat  energy  of  the  sunlight  is 
admitted  to  the  room,  and  from  the  roof  which  consti- 
tutes the  greater  amount  of  sunlight  exposure  and  which 
in  the  ordinary  construction  transmits  heat  much  more 
readily  than  the  walls.    Precautions  should  be  taken 
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where  high  humidities  are  desired  to  shade  exposed  win- 
dows and  to  insulate  the  roof  thoroughly.  Ventilaton 
in  the  roof  are  of  great  advantage  in  removing  the  hot 
layer  of  air  next  it  and  those  of  ample  capacity  should 
always  be  provided. 

The  radiation  of  heat  from  the  bodies  of  the  operatives. 
This  amoimts  to  about  400  to  500  B.t.u.  per  operative, 
about  one-half  of  which  is  sensible  heat,  the  other  half 
being  transformed  into  latent  heat  through  evaporatioD. 

The  heat  developed  by  power  consumed  in  driving  iht 
machinery  and  in  the  manufacturing  processes  in  genenL 
According  to  the  laws  of  conservation  of  energy,  aU  power 
used  in  manufacturing  is  ultimately  converted  entirely 


TABLE  6  POSSmLB  ROOM  TEMPERATURES  OBTAINABLE  IN  CARRIER  SYS- 
TEM OF  HUMIDIFYING,  AT  VARIOUS  OUTSIDE  WET-BULB  TEMFBRATURB8 
AND  VARIOUS  PERCENTAGES  OF  HUMIDITY  IN  THE  ROOM 


Outside 

Wet-Bulb 

Temperature 

Peroentace  Humidity  In  Romd 

65 

60 
64.3 

66 

62.0 

70 
60.8 

76 

80 

60 

67.0 

67.7 

66.0 

66 

72.0 

60.6 

67.6 

65.2 

63.1 

61.1 

60 

77.6 

74.0 

72.6 

70.4 

68.8 

66.S 

65 

82.8 

80.2 

77.6                  75.6 

73.6 

71.4 

70 

87.2 

85.6 

88.1                  80.0 

78.7 

76.7 

75 

93.7 

00.8 

87.3 

86.0 

83.0 

81.t 

80 

00.1 

06.2 

03.4 

01.2 

80.0 

1 

r.. 

into  its  heat  equivalent.  Each  horsepower  of  energ}' 
therefore  creates  42 J  B.t.u.  of  heat  per  minute  which 
must  be  cared  for  by  ventilation.  In  high-powered  nulls 
this  is  the  chief  source  of  heating  and  is  frequently  suffi- 
cient to  overheat  the  building  even  in  zero  weather,  thus 
requiring  cooling  by  ventilation  the  year  round. 


RELATION  OF  ROOM  TEMPERATURE  TO  OUTSmB  WET-BULB  TEMPERATURE 

37  During  cool  weather  the  dewpoint  or  saturation  temperature 
at  the  apparatus  is  secured  and  controlled  artificially  at  whatever 
point  required.  During  warm  weather,  however,  it  is  impossible 
during  the  greater  part  of  the  time  to  obtain  as  low  a  dewpoint  as 
desired  without  refrigeration,  which  in  the  majority  of  cases  of  humid- 
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ifying  U  impracticable.  The  lowest  saturation  temperature  that  can 
be  obtEuned  is  the  same  as  the  outside  wet-bulb  temperature,  as  has 
been  shown.  Therefore,  the  dewpoint  in  the  room  will  always  be 
the  same  as  the  outside  wet-bulb  temperature.  Since  the  difference 
-between  the  dewpoiitt  and  the  room  temperature  is  dependent  upon 
the  percentage  of  relative  humidity  maintained,  the  TrxiTtjiniiTn  room 
temperature  and  the  percentage  of  humidity  required  in  the  enclosure 
will  be  as  shown  in  Table  6.  It  will  be  noted  that  the  higher  the 
humidity  carried,  the  lower  the  room  temperature  may  be  kept. 


TABLE  T  B.T.O.  REFRIQEBATION  BEQUIRGD  TO  COOL  1000  CU.  FT.  OF  AIR 
(UEAStJBED  AT  TO  DEO.)  FROM  A  QIVEN  WET-BULB  TEHPERATDRB  TO  A 
GIVEN  DBWFOINT 


ii! 


1 

1. 

i 

! 

i 

to 

«5.M 

xm 

11.1 

a.» 

H4 

no 

M.S 

m 

U.S 

M.n 

m 

Sfl.t 

U.IS 

IM 

ee.o 

EotMlnf  WM-Bulb  TtmpoMun 


l-Si    M        IS        « 


! I  lOB  toe    Ml   iiM 

2ie.(!'  M3 

»1.5;  tSO.S  777  lOU     lUO'lBW 

103  .  tii.o  esa.o  vm  urn    iSTO   xaa 

;  U8 .  aii.o'  ue.o  lies  h74   is30  mo 

HR  I  lOl.t^lOM.D  1345  ItHilOlO    1400 


ELEMENTS  OF  DESIGN  OF  SPRAY  TYPE  OF  DEHUMIDIFIERS 

38  Dehumidifiers  may  be  of  the  spray  type  previously  described 
or  of  the  surface  type.  A  knowledge  of  the  relation  of  water  temper- 
ature to  the  leaving  air  temperature  in  either  type  ia  essential.  In 
the  spray  tyjie  of  one  stage  having  two  banks  of  opposed  nozzles,  the 
air  temperature  leaving  is  practically  identical  with  the  temperature 
of  the  leaving  water,  the  difference  never  exceeding  1  deg.  in  a  prop- 
erly designed  apparatus.  The  air  will  always  be  saturated  when 
leaving  and  under  some  conditions  there  is  a  slight  tendency  to  en- 
trainment  even  after  thorough  elimination. 

39  The  degree  of  entrainment  is  dependent  upon  the  range  of 
temperature  of  both  the  air  and  the  water.  In  general  the  smaller 
the  temperature  range,  the  Ws  the  tendency  is  to  moisture 
entrainment  or  supersaturation.     This  may  be  reduced  where  a 
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considerable  lowering  of  air  temperature  is  required  by  passing  it 
successively  through  two  or  more  dehumidifiers  in  series.  When 
the  system  is  properly  designed  the  entrainment  should  not  be 
sufficient  to  raise  the  true  dewpoint  temperature  more  than  1  deg. 

RBFRIGERATION    REOfUIRED    FOB    DBHUMIDIFTING 

40  The  heat  to  be  removed  in  cooling  a  known  weight  of  air  from 
a  given  temperature  and  moisture  content  to  a  given  dewpoint  tem- 
perature is  evidently  the  difference  of  the  total  heat  quantities  c(m- 
tained  in  the  air  imder  these  respective  conditions.  These  values 
of  total  heat  are  given  in  Figs.  1  and  2  of  the  accompan3ring  paper  on 
Rational  Psychrometric  Formulae.^  It  »>  there  shown  that  the  total 
of  latent  and  specific  heat  in  1  lb.  of  pure  air  is  dependent  upon  the 
wet-bulb  temperature  only.  Table  7  shows  the  amount  of  refiriger- 
ation  required  to  cool  and  dehumidify  1000  cu.  ft.  of  air  between 
various  given  wet-bulb  temperatures  and  final  dewpoints. 

41  The  amount  of  water  required  to  cool  air  in  a  one-stage  qraty 
system  dehumidifier  may  be  calculated  from  the  foregoing  dftU 
as  follows: 

W(h'-h)  =  N{Hi--H,)^mt\--t2)  -t? 13) 

W==n(^'''^')  =  n(^^^^)^ [41 

where 

TF  =  weight  of  water  in  lb. 

N  =  weight  of  air  in  lb. 

tyf  =  initial  water  temperature 

t\  =  initial  wet-bulb  temperature  of  air 

ti  =  final  dewpoint  temperature  of  air 

Hi  =  initial  total  heat  in  1  lb.  of  air  at  wet-bulb  temperature,  ( 

^2  =  total  heat  in  1  lb.  of  air  at  final  dewpoint  U 

-—•  =  approximate  rate  of  total  heat  change  at  the  given  tern- 

perature  per  degree  change  in  wet-bulb  temperature,  t 

42  To  find  the  final  temperature  possible  with  a  given  weight  of 
water  and  of  air  at  temperature  tyf  and  t\j  respectively,  we  have  from 

The  Journal,  November  1911,  p.  1309. 
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Wt^-Wh=Nfi~-Nk^ [51 

At  M 

Hence 

A/7 

k ^- [61 


SGONOMT  OF  THB  SPRAT  TYPE  OF  DEHUMIDIFIER 

43  The  chief  advantage^  aside  from  economy  of  space,  of  the 
spray  type  of  dehmnidifier  over  the  surface  type,  lies  in  its  ability 
to  bring  the  spray  water  and  the  air  to  substantially  the  same  tem- 
perature, while  in  the  surface  type  there  is  usually  from  15  to  25  deg. 
difference.  This  permits  a  much  increased  efficiency  of  cooling 
with  the  spray  type  where  artesian  well  water  is  used.  When  the 
spray  water  is  cooled  by  artificial  refrigeration,  using  the  compres- 
sion system,  this  higher  water  temperature  permits  a  much  increased 
ammonia  pressure  in  the  water  cooler,  often  doubling  the  absolute 
pressure.  As  shown  in  Table  7,  this  increases  the  capacity  of  the 
ammonia  compressor  correspondingly  and  greatly  reduces  the  horse- 
power required  per  ton  of  refrigeration.  The  ammonia  condenser, 
of  course,  remains  unchanged. 

HEAT  INTEBCHANOBB 

44  When  the  reduction  of  the  moisture  contents  is  of  more  impor- 
tance than  the  cooling  effect,  a  heat  interchanger  or  economizer  may 
be  used  to  great  advantage.  In  this  apparatus  the  cold  air  leaving 
the  dehumidifier  is  passed  through  the  inside  of  a  system  of  tubes 
while  the  warm  incoming  air  is  passed  over  the  outside  of  these  tubes 
and  in  the  opposite  direction.  This  permits  an  effectual  transfer  of 
heat,  often  cooling  the  incoming  air  to  a  lower  temperature  than  that 
of  the  dehmnidified  air  leaving  the  interchanger.  The  saving  effected 
in  this  way  is  often  more  than  one-third  of  the  total  refrigeration. 
The  calculation  of  the  dehumidifying  surface  required  may  be  effected 
by  the  use  of  the  formula  for  heat  transmission  given  in  Par.  91. 
Precaution  must  be  taken  in  this  calculation,  however,  to  note  that 
the  convection  resistances  on  each  side  of  the  surface  must  be  taken 
into  accoimt,  as  the  rate  of  heat  transmission  is  greatly  reduced  on 
this  account. 
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AIB    COOLINQ    AND    DBHUUmiFnNO    WITH    COOUNO    COIL8 

45  Calculation  of  the  cooling  effect  of  condenaing  coils  for  diSo^ 
ent  velocitiea  through  the  clear  area  and  various  temperature  differ- 
ences is  fully  discussed  under  the  theory  of  convection  in  Par.  62  to  75. 
The  same  formulae  may  be  applied  in  both  cases. 

46  Condensing  coils  give  a  much  more  rapid  rate  of  conductirit; 
per  degree  difference  in  temperature  than  steam  coils,  owing  to  the 
additional  effect  of  condensation.    This  relationship  however  has 
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never  before  been  investigated  nor  have  there  been  any  data  pre- 
viously available.  The  fact  that  the  moisture  contents  of  the  air 
may  be  greatly  reduced  without  leaving  it  saturated  is  explained  and 
means  for  the  accurate  calculation  of  the  moisture  contents  are  gi^'en. 

47  Where  the  air  is  simply  cooled  and  no  condensation  takes  plwe. 
the  rate  of  heat  transmission  from  cooling  water  to  air  is  the  exact 
inverse  of  the  sum  of  the  convection  resistances  of  both  the  air  and  the 
water  films. 

48  We  have  the  rate  of  heat  conduction  between  steam  and  water 
approximately  given  by  the  ciu^e  shown  in  Fig.  28,  as  plotted  by  the 
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authors  from  condenser  tests.  This  gives  for  the  rate  of  conductivity 
for  steam  to  water 

2C= ^  [7] 

0.000394  +  «-««f A 

where  7= velocity  in  ft.  per  sec. 

49  When  7w  =  velocity  of  the  water  in  feet  per  minute,  the  resis- 
tance through  a  conducting  wall  from  steam  to  water  is 

/J   =  ^  =0.000394+  ^^     [8] 

Aw  yyf 

Of  the  constant  factor,  0.000394,  the  resistance  between  the  surface 
films,  probably  considerably  less  than  one-half  is  due  to  the  water 
film  alone,  or  less  than  0.0002.  For  heat  transmission  from  steam  to 
air  we  have,  as  shown  later 

"•""^  625  ^  ^VT 
where 

^m  —mean  absolute  temperature  of  air  film 

Vo   =:  velocity  through  clear  area  (measured  at  70  deg.) 

50  Therefore  we  have  for  the  convection  resistance  from  steam 
to  air 

«^-^-»»"'fe+^ '«" 

51  If  we  take  60  deg.  fahr.  or  520  deg.  absolute  as  a  fair 
average  mean  temperature  of  the  air  film,  we  will  have 

«z=F-=  0.0373  +  ^°-^^ Ill] 

^A  Vo 

52  It  is  noticeable  that  the  combined  resistance  of  the  steam  and 
air  films  is  100  times  as  great  as  the  resistance  of  the  combined  steam 
and  water  films,  and  hence  very  probably  more  than  200  times  as 
great  as  the  water  film  alone. 

53  We  may  take  as  the  entire  convection  resistance  between  air 
and  water,  when  there  is  no  condensation 
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^2  =  ^  +  ^  =0.0002  +  0.0373+  ?!^  +®^  ....(HI 

Aw      Aa  r  w  r  o 

«  ^        A  Ao^c  .   0153    ,   50.66  r„, 

/Zz  =  F"  =0.0376+  -==—  +  -.rj— [181 

where 

7w = velocity  of  water  through  cooling  pipes  in  ft.  per  min. 
Vo= velocity  of  air  through  minimum  clear  area  betvmn 
pipes  in  ft.  per  min. 
54    The  heat  transmission  then  between  air  and  water  when  no 
condensation  occurs  for  any  initial  and  final  temperatures  will  thai 
be,  in  B.t.u.  per  hoiur 

H  =  Kj^Dm 

or 

When  Dm  is  the  mean  temperature  difference  between  steam  and 
air,  (^Ai — ^Wi)  is  the  initial  temperature  difference  between  air  and 
water.  The  final  temperature  difference  between  air  and  water  ii 
(^Ai — ^Wj)-     (See  Appendix  No.  2.) 


RATE  OP  TRANSMISSION  BETWEEN  AIR  AND  WATER  WHERE    CONDEN- 
SATION OCCURS 

55  Whenever  the  relation  between  the  water  temperature  and 
the  temperature  of  the  air  is  such  that  the  film  temperature  is  below 
the  dewpoint,  then  condensation  will  occiur.  The  air  in  the  surface 
film  will  always  be  satiurated  at  the  temperature  of  the  surface  film, 
while  the  main  body  of  the  air  passing  through  the  heater  may  be 
considerably  above  the  saturation  point,  even  after  considerable 
moisture  has  been  condensed  out  from  it,  the  final  state  of  the  air 
being  simply  the  result  of  a  mixtiure  of  air  saturated  at  the  mean  film 
temperature  with  the  main  body  of  the  air.  For  proof  of  this,  see 
the  discussion  of  the  laws  of  convection  in  Pars.  62  to  75. 

56  Actual  tests  with  condensing  coils,  as  well  as  the  theory,  both 
indicate  that  the  resistance  of  the  surface  film  of  the  air  and  the  ton- 
perature  of  the  surface  film  are  in  no  way  affected  by  the  condensa- 
tion of  moisture.  However,  the  rate  of  convection  from  the  water 
to  the  conducting  wall  is  proportionately  affected  by  the  increased 
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amount  of  heat  transmitted,  on  accoimt  of  condensation.  As  the 
effect  of  the  rate  of  convection  from  water  to  the  conducting  wall  is 
relatively  slight,  it  may  be  neglected  in  approximate  calculations,  and 
the  cooling  effect  upon  the  air  will  be  approximately  the  same  as 
though  no  moisture  were  condensed.  The  rate  of  heat  transmission 
in  a  surface  dehumidifier  will  be  increased  in  proportion  to  the  amount 
of  heat  given  up  by  condensation.  Proper  allowance  must  of  course 
be  made  for  the  increased  rise  in  water  temperature. 

57  The  total  rate  of  heat  transfer  may  be  calculated  more  accur- 
ately by  taking  into  accoimt  the  increased  rate  of  transmission  from 
the  conducting  wall  to  the  air  as  follows: 

„     (l+m)(^A"-Omean  ,        .           ,.    ^.^     ..  f^_. 

^^    (1  +  m)  R  w  +  R~r  APP®^^^^  No.  4) [15] 

(1  +  m)  (^A  -  ^)_mean 


ff= 


(l+m)[(gA.-e?w,)-(gA«-gw,)]       . 

|"0.0375+(l+->^-1^3  +  T'lloge(;--S 


where 

A  (latent  heat  per  lb.  of  air) 

A  (sensible  heat  per  lb.  of  air) 


m  = 


MOISTURE  CONTENT  OF  AIR  LEAVING  SURFACE  DEHUMIDIFIER 

68  As  we  have  previously  shown,  air  leaving  the  surface  dehumid- 
ifier  need  not  necessarily  be  saturated,  even  though  the  moisture 
content  be  considerably  reduced.  Let  B^  be  the  initial  air  tempera- 
ture and  ^As  l>6  the  final  air  temperature.  Let  W\  be  the  initial 
weight  of  water  in  a  pound  of  pure  air,  and  Wt  be  the  final  weight 
of  water  contained  in  1  lb.  of  pure  air.  Let  ^m  be  the  mean  tempera- 
ture of  the  surface  film,  for  calculation  of  which  see  Appendix  No.  2. 
Let  W'm  be  the  weight  of  water  contained  in  one  pound  of  pure  air 
saturated  at  the  mean  film  temperature.    Then  we  will  have 

fe  =  (1  -  a:)  ^1  +  x^m [18] 

TT,  =  (1  -  x)  Wi  +  xW'm [19] 


1098  AIKrCONDITIONING  APPARATUS 

Hence,  eliminating  x,  we  will  have 


B\  —  62  B\  —  B 


120) 


m 


W.^W.-^^^-^-l^'^'^l    [211 


RATE    OF    HEAT    TRANSMISSION    IN    INDIRECT    SURFACE   AIR 

HEATERS  AND  DEHUMIDIFIERS 

59  An  essential  element  in  air-conditioning  apparatus  is  the  indi- 
rect radiation  necessary  to  warm  the  air  after  satm*ation  in  the  humid- 
ifier. In  systems  where  the  air  is  required  for  ventilation  only, 
and  the  heating  is  effected  by  separate  radiation,  as  in  many  of  the 
larger  installations,  it  is  necessary  to  use  indirect  radiation  only  for 
the  purpose  of  warming  the  air  from  the  dewpoint  temperature  to 
approximately  room  temperature.  In  the  majority  of  installations, 
however,  the  air  is  heated  by  means  of  indirect  radiation  to  the  point 
required  to  maintain  the  proper  room  temperature. 

60  The  temperature  to  which  this  conditioned  air  must  be  heated 
evidently  depends  on  the  outdoor  temperature  and  upon  the  temper- 
ature difference  to  be  maintained  between  the  room  and  the  dewpoint 
of  the  air  supply,  as  required  by  the  humidity  control.  On  this 
account  data  pertaining  to  the  proper  design  of  such  an  indirect  heat- 
ing surface  are  of  especial  importance.  These  data  are  also  applied 
in  air  conditioning  to  the  design  of  surface  coolers,  dehumidifiers, 
and  interchangers. 

61  The  factors  of  importance  in  such  a  design  are  the  relation  of 
free  area  to  heating  surface;  the  rate  of  heat  transmission  for  various 
velocities  through  the  clear  area,  and  various  temperature  diflfer- 
ences  between  the  air  and  heating  medium;  and  the  resistance  of 
the  heater  to  the  passage  of  air.  The  following  experimental  and 
mathematical  investigation  was  conducted  for  the  purpose  of  estab- 
lishing these  relationships,  as  very  little  authoritative  information  is 
at  present  available  on  this  subject. 

THEORY   OF   CONVECTION   WITH    FORCED   CIRCULATION 

62  The  accompanying  diagram,  Fig.  29,  presents  a  graphical 
representation  of  the  process  of  the  heat  transfer  from  steam  to  air 
through  conducting  wall.    Experimental  investigation  leads  us  to 
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conclude  that  the  exterior  of  the  conducting  wall  is  covered  with  a 
surface  film  into  which  heat  passes  directly  from  the  conducting 
wall,  and  whose  resistance  to  the  passage  of  heat  is  independent  of 
the  velocity  of  the  convecting  medium;  but  it  is  a  direct  function  of 
the  density  and  specific  heat  of  that  medium. 

63  The  total  resistance  of  the  surface  film  of  the  steam,  of  the 
conducting  wall,  and  of  the  surfaee  film  of  the  conducting  medium, 
may  therefore  be  represented  by  a  constant  R,  which  is  independent 
of  the  temperature  difference  between  the  steam  and  the  convecting 
medium,  and  of  the  velocity  of  the  latter. 


0       Stoam  Temperature)      O. 


CondulsuAff  Wail' 


Fig.  29    Ideal  Diagram  illustrating  the  Thbort  of  Heat 

Transmission 


64  Experimental  investigation  also  indicates  that  heat  is  trans- 
ferred from  the  surface  film  to  the  main  body  of  the  convecting  me- 
dium, that  is  to  the  air,  entirely  by  displacement.  Particles  of  air 
in  the  surface  film  are  displaced  by  impact,  due  to  the  velocity  of  the 
air  over  the  surface,  and  are  thus  mixed  with  the  main  body  of  the 
air.  This  displacement  may  be  shown  to  be  in  direct  proportion  to 
the  velocity.  The  rate  of  heat  transfer  from  the  surface  film  to  the 
air  is  therefore  directly  proportional  to  the  product  of  the  velocity 
and  temperature  difference  between  the  film  and  air. 

65  Let  6a  represent  the  steam  temperature,  the  distance  OS 
the  extent  of  surface  over  which  a  unit  of  air  passes  progres- 
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sively.  Let  0i  ^  represent  the  progressive  air  temperatures  with 
reference  to  the  steam  temperature  $»,  and  the  line  O'l  O't  the  corre- 
sponding surface  fihn  temperatures.  Then  Ob-O  represents  the  dif- 
ference between  air  temperature  and  steam  temperature  at  any 
instant,  and  ds  -  0',  the  corresponding  difference  between  the  steam 
temperature  and  the  fihn  temperature. 

66  The  foregoing  theory  may  then  be  stated  mathematically  as 

f-s*-"' w 

dH 
where  -j-  is  the  rate  of  transfer  of  heat  per  imit  of  surface  through 
at 

the  resistance  R  of  the  separating  wall  and  surface  films  of  steam  and 

air.    Assuming  that  this  rate  is  proportional  to  the  difference  in 

temperature  between  the  two  films,  from  [22]  we  have 

e^^^Bn-R-^^    [231 

67  According  to  both  theoretical  considerations  and  experimental 
evidence  R  probably  varies  inversely  with  the  density  of  the  air  fihn. 
Hence  with  increased  temperature  of  the  surface  film  we  would  e3q)ect 
72  to  be  increased.  This  variation,  however,  for  approximate  cal- 
culations is  negligible,  although  in  exact  calculations  a  correction 
must  be  made.  This  correction  becomes  important  when  the  tem- 
perature range  is  great. 

68  Assuming  the  number  of  particles  from  the  surface  ^^vr^  to  be 
directly  proportional  to  the  velocity,  the  rate  of  heat  convection  from 
the  surface  film  is 

dH     C^WViB'  -  e)  .^ ., 

where  Cp  is  the  specific  heat  of  the  air  in  the  surface  film,  TT  is  the 
density  of  the  air  at  the  temperature  0a»  ^  the  velocity  in  feet  per  min- 
ute through  the  clear  area,  and  B  a  constant  to  be  determined  exper- 
imentally, dependent  upon  the  path  of  the  air  and  upon  the  form  and 
arrangement  of  the  convecting  surface. 

69  From  [24]  we  have 

Equating  [23]  and  [25]  we  have 


». 
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(c^+«)f  =  ^-^ f^l 

4^=_iLzL_  [27J 

70  Let  Wo  and  Vo  be  the  corresponding  densities  and  velocities 
of  the  air  at  an  absolute  base  temperature  9o  and  let  0  be  the  abso- 
lute temperature  of  the  air  corresponding  to  W  and  V  then 


^^-{-fji^)-^'^' 


Hence,  substituting  in  [27]  we  have 


dH  ^        e,-0         [281 


t 

which  shows  that  the  term  ^  is  imaflfected  by  variation 

in  temperature;  and  assuming  R   constant,   that    -=7  is  directly 

at 

proportional  to  the  difference  in  temperature  between  steam  and  air. 

71  Therefore,  let  K  be  the  rate  of  transmission  in  B.t.u.  per 
sq.  ft.  per  hour  per  degree  difference  in  temperature  between  the 
steam  and  air.    Then 

K^  i [291 

Oprr  o '^O 

and 

^  =  K(e.'-0) [30] 

at 

72  Let  H»  be  the  total  heat  transferred  per  hoiur  from  a  surface 
S,  then 

Hn  =  K{e»-d)S [31] 

dHn=K{B^-e)dS .[32l 

Also 

dHn   ^  -  CpOdiSn-  e) [33] 

where 

G= weight  of  air  per  hour  passing  over  the  surface  S. 
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73  Equating  [32]  and  [33]  we  have 

Kids-  e)dS==  -  CpOdidn-e) [34] 

Integrating  between  limits  (dn  —  ^i)  and  (^a  —  ^2)  and  between  0  and 
5,  we  have 

{'KdS^  {'''-'" -^^^P'^ 1351 

Jo  J(«.-di)  (Os-B) 

XS  =  CpG  lege  (1^) [36] 

G  =  60  AWV  =  60  AWoVo 
where 

A  =  clear  area  through  heater  having  surface  S 
7= velocity  in  ft.  per  min.  through  clear  area 
W  =  density  of  air  in  lb.  per  cu.  ft. 

Hence 

Changing  this  to  common  logarithms 

^^&°  [e,-~ej  "  (2.3026  X  60)C^WoVo ^^*' 

74  From  [29]  we  have 

R+  

\e.-  02/      (2.3026  X  60)ACf,Wo  [RVo  +  ■  ) 

=  _             _          '^.                  ^  1401 

(2.3026x60)(/iCplF„Q+BA) ' 

where  Q  =  cu.  ft.  of  air  per  minute  at  standard  temperature.    This 
will  also  reduce  to 

'•""t-'d  -  Jr-n "" 
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where 

f^-Ti  n  is  a  constant,  and  m  is  substantially  a  constant  except 

as  varied  by  change  in  the  absolute  temperature  of  the 
surface  film. 

SURFACE  FILM  TEMPERATURE 

75  From  equation  [23]  we  have  for  the  surface  film  temperature 

From  equation  [28] 

dM^         0.-9 
dt       ^^       B 

Op  It  o '  o 

Substituting  this  value  in  equation  [23]  we  have 

6'  =  0,-B/  —?-"*-  \ [421 

Hence 

^  =  ^.  -  BX  (^.  -  0) [431 

and 

"-it^) '«! 

Also 

e.-B'  =  BK{e.-e) [46) 

i.e.,  the  difference  between  the  steam  and  film  temperature  is  propor- 
tionate to  the  difference  between  the  steam  and  air  temperatures 
when  RK  is  constant,  hence  approximately  so  when  Fo  is  constant. 

EXPERIMENTAL  DETERMINATION  OF  THE  LAWS  OF  CONVECTION 

76  We  will  now  proceed  to  determine  the  constants  in  the  fore- 
going equations  and  give  the  experimental  evidence  by  which  the 
above  theory  may  be  corroborated.  Table  8  gives  the  observed  and 
corrected  results  from  ten  heat  transmission  tests  conducted  upon 
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eight  sections  of  fan  system  heaters,  each  section  being  composed  of 
four  rows  of  1-in.  wroi^ht-iron  pipe,  making  a  total  depth  of  32  rows 
of  pipe.  Details  of  the  heater  construction  are  shown  in  Fig.  36. 
For  complete  description  of  tests  and  corrections  applied  see  Appen- 
dix No.  1. 


^bi 


ip  9  ©  0 


O  ffl  O  O  O  O  O  OjQ'O  O  O  O  O  O  O  O^  c: 
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O  O  O  Q  O  AlQ  Q  O  O  Q  Q  O  Q  o4  ' 


FiQ.  301  Detail  or  Heater  C( 

77  Curves  shoivn  in  Fig.  31  are  plotted  from  the  values  given  in 
column  2  of  each  test  in  Table  8,  which  give  air  velocities  through  the 
clear  area  based  on  actual  air  measurements  corrected  to  correspond- 
ing volume  at  70  dog.  fahr.  and  29.92  in.  barometric  pressure.    The 

lower  curve  gives  the  rate  of  heat  transmission  as  determined  from 
the  condensation.  The  upper  curve  gives  the  corresponding  values 
as  determined  from  observed  air  measurements.  These  two  cfir-es 
show  a  uniform  discrepancy  of  apjiroximately  8  per  cent,  as  indicated 
in  Fig,  32.     As  botli  the  temperature  and  condensation  measurementJ 
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were  made  with  considerable  care,  and  since  the  per  cent  of  error  is 
substantially  uniform  at  all  velocities,  it  is  evident  that  a  systematic 
error  was  made  of  8  per  cent  in  the  measurement  of  the  air  volume. 
This  may  be  accounted  for  in  lai^  measure  by  the  fact  that  no  allow- 
ance was  made  for  the  coefficient  of  the  dischai^  orifice.    Accord- 
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ingly  both  the  rate  of  transmission  from  the  &a  measurements  and 
the  corresponding  velocities  have  each  been  reduced  8  per  cent. 

78  From  these  corrected  values  and  from  the  condeDBation,  the 
combined  curve  shown  in  Fig.  33  has  been  plotted,  showing  a  remark- 
ably close  agreement  of  both  values,  thus  thoroughly  establishing 
the  true  form  of  the  curve. 


AIB-CONDinONtNa  APPARATUS 


COEFFICIENT  OF  TRAMSmSSION 


79  From  the  above  data  we  may  calculate  K,  that  is  the  rate  of 
transmission  per  square  foot  per  degree  difference  in  tempentme 
at  the  various  velocities,  providing  we  may  assume,  as  in  the  fore- 
going theory,  that  the  rate  of  transmission  at  any  instant  is  p^opo^ 
tionate  to  the  temperature  difference  between  the  steam  and  air. 
To  establish  this  relationship  Table  9,  containing  the  corrected  test 
data  on  the  individual  sections,  is  given,  and  also  Fig.  34  in  which  the 
transmission  curves  are  plotted  from  the  values  in  Table  9.  These 
curves  have  been  derived  through  the  well-known  E^st^ns  of  furing, 
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and  of  cross  and  increment  plottii^,  until  they  represent  the  most 
probable  relationships  to  be  determined  experimentsJly. 

80     From  Fig.  34  the  B.t.u.  values  given  in  the  second  column  of 
Table  10  have  been  taken.     Values  exhibited  here  are  taken  at  a 
velocity  of  1000  ft.  per  min.  through  the  clear  area.     While  compan- 
sons  are  given  here  for  only  one  velocity,  it  should  be  understood  that 
the  same  comparisons  have  been  made  at  other  velocities.     Colunm 
3  gives  the  temperature  rise  in  each  consecutive  section,  as  computal 
from  the  experimental  rate  of  transmission  given  in  column  2,  this 
relationship  being  expressed  by  the  formula 
H'S 
^     ^'     60  CpAWoV, 
where  H'  =  B.t.u.  per  hr.  per  sq.  ft.     The  fourth  column  pves  the 
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computed  temperature  leaving  the  consecutive  sections.  From  column 
4,  columns  5  and  6  are  computed.  Column  7  gives  the  ratio  of  the 
initial  temperature  difference  between  steam  and  air  to  the  final  tem- 
perature difference  between  the  steam  and  air,  for  each  consecutive 

section.    Prom  this  comparison  it  will  be  seen  that  this  ratio  ^ ^ 

is  substantially  constant  in  all  sections,  for  any  one  velocity,  regard- 
less of  the  variation  in  the  entering  temperature.  If  the  rate  of  trans- 
mission per  degree  difference  in  temperature  between  steam  and  air 
was  absolutely  constant  at  any  one  velocity,  it  could  be  shown  from 

equation  [38]  that  the  ratio  of  ;^        -^  for  any  section   as  well   as 


log 


Bb  -  e 


^i  "-    fl» 

^  would  also  be  absolutely  constant,  and  conversely. 


TABLE  0    B.T.U.  PER  SQ.  FT.  OF  SURFACE  PER  HOUR.  CALCULATED  FROM 

CONDENSATION 


Section 
Number 


1 
3 
3 
4 

5 
6 

7 
8 


RayoLUTXONS  Pbb  Minute 


1  Observed  Velocities  Corrected  to  Standard  Conditions  and  Reduced  8  Per  cent 

254 

345 

450 

576 

-  -  .  — i* 

1518 

741 

838 
1780 

045 
2020 

1044 

1072 

11S3 

013 

1050 

1278 

1670 

1 
2205 

2130 

2309 

713 

880 

1110 

1311 

1458 

1705 

1800 

1785 

1038 

2135 

1   5i« 

607 

015 

1080 

1224 

1307 

1545 

1735 

1080 

1830 

453 

670 

783 

044 

1000 

1220 

1387 

1570 

1510 

1040 

380 

400 

085 

836 

071 

1000 

1238 

1420 

1358 

1425 

308 

370 

544 

000 

801 

018 

1020 

1178 

1143 

1271 

341 

321 

460 

571 

005 

805 

Oil 

1003 

1040 

1105 

106 

1 

357 

888 

486 

004 

700 

801 

050 

020 

1018 

81    It  will  be  seen,  however,  from  column  8,  that  log  ~  -  -^ 

decreased  regularly  from  the  first  to  the  last  section.  Column  9 
gives  the  absolute  film  temperature  as  calculated  from  formula  [43]. 

n    0 

Prom  this  it  will  be  seen  that  log  ^   -  -',  while  varying  inversely 

with  the  absolute  film  temperature,  varies  at  a  much  less  rapid  rate. 
Column  12  gives  the  value  of  K^  the  factor  of  transmission,  as  calcu- 
lated from  the  values  in  column  8  according  to  formula  [36].  From 
the  experimental  constants,  determined  in  the  manner  to  be  de- 
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scribed  later,  we  are  able  to  calculate  the  variations  in  the  value  d 
R,  (according  to  formula  [29])  as  shown  in  column  13,  from  the  vahiea 
of  X  as  determined  from  the  tests.  In  column  10  the  variations  inS 
have  been  calculated  on  the  assumption  that  the  film  resistance  v 
directly  proportional  to  the  absolute  film  temperature.    The  sub- 
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stantial  agreement  of  the  values  thus  calculated,  with  the  valuea  of  B 
in  column  13,  as  calculated  from  the  tests,  la  thus  conclusively  demon- 
strated. In  column  U  the  value  of  K  has  been  calculated  from  for- 
mula [29],  using  the  values  of  ft  as  calculated  from  the  film  tempera- 
ture. The  close  agreement  of  these  values  of  X  as  calculated  from  tbe 
formula  may  be  shown  by  comparison  with  the  values  of  K'  as  detff- 
mined  from  tests  in  column  12. 
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82  The  same  substantial  agreement  having  been  verified  at  other 
velocities,  we  are  warranted  in  asserting  that  the  value  of  R  varies 
directly  as  the  calculated  absolute  film  temperature,  where  R  is  the 
resistance  of  the  surface  film  to  the  transmission  of  heat.  The  value 
of  £  as  used  in  these  calculations  includes  not  only  the  resistance  of 
the  surface  film  of  air,  but  also  the  surface  film  of  steam  and  of  the 
conducting  wall.  However,  as  has  been  proven  by  experiments  in 
heat  transmission  from  steam  to  water  (see  Fig.  28),  this  resistance  is 
less  than  one  per  cent  of  the  resistance  of  the  air  film.     Therefore 
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we  may  take  the  entire  resbtance  R  as  varying  directly  as  the  abso- 
lute film  temperature,  with  negligible  error. 

DETERMINATION  OP  THE  VALUES  A  AND  B 

83  As  shown  in  the  preceding  paragraph,  the  absolute  values  of 
R  are  dependent  upon  the  film  temperature,  but  in  order  to  calcu- 
late this  film  temperature  we  must  first  know  the  approximate  values 
of  both  R  and  K.  These  values  were  first  determined  approximately 
for  different  velocities  by  assuming  R  to  be  constant,  that  is  ^  to 
be  constant,  for  any  fixed  velocity.  K  may  then  be  calculated  directly 
from  the  values  in  Fig.  33  by  means  of  equation  [36],  in  which 
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iC=^ 


-9il 


■-l«l 


where 

Cp=the  specific  heat  of  air 

G  =  the  weight  of  air  in  lb.  per  hour  passed  through  the  heater 
S  =  the  total  sq.  ft.  of  heating  surface 
84     From  equation  [29]  we  have 
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from  which  we  may  deduce  the  resistance  formula 


K 


,.[471 


in  which  R  is  assumed  to  be  a  constant,  fi  is  a  constant  to  be  deter- 
1 


is  the  reciprocal  of  K  as  calculated  above,  in  equation  [46], 

85     By  inspecting  equation  [47]  we  see  that,  if  B  is  assumed  to  be 
a  constant,  this  ik  a  straight  line  relationship.    Therefore  the  spproxi- 
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mate  values  of  R  and  -  —  may  be  determined  from  the  equation 
of  a  strajglit  line  drawn  through  the  values  of  =-  plotted  to  the  cor- 
responding values  of  ^.    Having  determined  the  values  in  this 

manner  we  may  now  determine  approximately  the  values  of  the  mean 
absolute  film  temperatures  at  the  different  velocities  using  the  aver- 
age rates  of  transmissioD  as  shown  in  Fig.  33. 
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(^) 


86    The  mean  absolute  film  temperature  may  be  determined  by 
the  formula 


fl'm  =  %-RK  %  -  eU  =  »,-  RK 


-1481 


for  the  derivation  of  which  see  Appendix  No.  2,  where 

$'m=mean  absolute  film  temperature 

(A — ^)a  =>  mean  temperature  difference  between  the  steam  and  air 

87    For  eight  sections  of  heater  with  the  velocity  of  the  Mr  through 

the  clear  area  of  the  heater,  measured  at  70  deg.  fahr.  at  1000  ft.  per 

minute,  we  find  a  mean  absolute  film  temperature  of  approximately 
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625  deg.  Therefore  we  have  calculated  the  value  of  Ro  and  all 
values  of  Ko  at  different  velocities  for  this  assumed  standard  of  film 
temperature.  Having  calculated  the  average  values  of  K  for  eight 
sections  of  heater  and  different  velocities  as  described  in  the  preceding 
paragraph,  we  may  determine  the  value  of  Ko  for  a  film  temperature 
of  625  deg.  from  the  formula. 

K.=k[i+K^(^J^)] (401 

for  derivation  of  which  see  Appendix  No.  3. 

88    These  values  as  calculated  from  the  tests  are  shown  in  column 
12  of  Table  IL    In  this  table 


-«-r^) 


We  now  have  the  rates  of  transmission  for  different  velocities  corrected 
to  a  standard  absolute  film  temperature  of  625  deg.  Therefore,  if 
our  theoretical  relationships  hold  true 

^    -R..\  (    ^    \  ^ 
Ko     ^'^XCpWjVo 

is  the  equation  of  a  straight  line,  in  which  Ro  is  the  intercept  atTn*  =  0 

y  o 

B 

and  w~^  is  the  slope.    The  plot  of  these  values  for  different  veloc- 

Cprr  o 

ities  as  determined  from  the  test  curve  Fig.  33  is  shown  in  Fig.  35. 
It  will  be  noticed  from  an  inspection  of  Fig.  35  that  these  points  do 
lie  in  a  straight  line,  with  remarkable  accuracy,  thus  showing  the 
agreement  of  the  test  results  with  the  rational  formula 

1 


Ka  = 


Ro+       ^ 


CpTToFo 
89    Substituting  numerical  values  obtained  from  this  plot  we  have 

4- =0.0447  +  ^ [50] 

Hence 

Ko  = ^ [611 

0.0447+^ 


1116 
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Column  13,  Table  11,  shows  the  value  of  Ko  calculated  from  thit 
formula,  which  may  be  compared  with  the  values  of  Ko  calculated 
from  test  and  given  in  column  12. 

90  Fig.  36  gives  the  value  of  Ko  for  different  velocities,  the  curve 
being  plotted  from  the  formula  and  the  pointa  shown  being  the  values 
determined  directly  from  the  test. 
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RATIONAL    FORMULA    FOR    HBAT    TEANBHIS8ION 

91  We  may  now  insert  the  above  numerical  values  given  in 
equation  [51]  in  the  rational  formulae  [38]  to  [41].  Substituting  to 
equation  [40]  we  have 

'*»C:-ft)  =  0.U19e>127A   "" 

Substituting  proper  values  in  equation  [41]  we  have 

'°«'"G~l!)- 11.1119^  +  127    '^^ 

also 

,         /».-»i\       n.3994/JC  ,„, 
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fl^K  steam  temperature 
^—eDteiisg  air  temperature 
9,  m  final  air  temperature 

/s-T-aratio  of  total  surface  to  clear  area 

V~the  velocity  of  ajr  through  clear  area  (at  70deg.)  in   ft. 

permin. 
Q=cu.  ft.  air  per  min.  at  70  deg.  fahr. 


TABLB  11     CALCULATIONa  FOR  CORRECT  VALUES  OP  FINAL  TEMFBRATUBBS 

AND  HEAT  TRAN3UIS8ION 
ViLoaTT  TaaonaE  Clblr  A 
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92  The  above  formulae  are  correct  for  a  mean  film  temperature 
of  625  deg.  absolute.  For  approximate  results,  these  formulae  can 
be  used  without  corrections.  For  more  accurate  results  the  factor 
0.1119  must  be  corrected  for  the  calculated  absolute  film  tempera- 
ture in  each  case.  The  full  formula  embodying  this  correction, 
where  extreme  accuracy  isdesired,  is 


(0.-  ei\_0.0Q0Q0U74Vo*iet~  Oi) 
0.0447  Vo  + 50.66 


which  can  only  be  solved  for  /  when  the  initial  and  final  temperature 
of  the  air  are  known.    For  ordinary  calculations  where  we  wish  to 
•See  Appendix  No.  4  for  derivation. 
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solve  for  the  initial  and  fin&l  temperaturea  where  /  and  V  are  known, 
we  first  determine  approximate  valuea  of  0t  and  0^  from  equation 
[53].     We  then  solve  for  the  mean  temperature  difference  between 
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Fio.  42  Relation  between  Heater  SosrACB  and  Tbiiperatitres  or 
THE  Air  at  Various  Velocities  roa  Wno0GBT-IaoN  Pipe  Heaters.  Stur 
Pressttrb  =  6  Lh.;  Steau  TEuPEBATmiE  =  227  Deo.  Fahb.;  Air  Vblociti 
Measctbbd  at  70  Deq.  Fabr. 


steam  and  air,  using  the  above  determined  values  of  9i  and  ^  in  tbe 
formula 
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93  Having  determined  (^t  -  ^)m,  we  may  then  determine  the  value 
of  X  from  the  formula 

X  =  0.00007152^,  -  0.0447-  0.0000032 i?o  {B.  -  ^)m. . .  .157] 

as  derived  from  Appendix  No.  3,  or  from  Fig.  37  giving  the  values  of 
X  for  the  various  values  of  Ko{Bn  -  B)m.  The  correct  value  for  6%  will 
be  given  by  the  equation 

To  simplify  this  correction  for  a  series  of  calculations,  curves  may  be 
constructed  for  the  correction  factor  as  shown  in  Fig.  38. 

94  An  example  of  such  a  calculation  is  given  in  Table  12.  This 
should  be  compared  with  the  results  from  tests  given  in  Table  10. 
for  the  same  conditions.  Comparison  of  the  following  correspond- 
ing columns  in  each  table  is  of  interest: 


TABT.K  10 

TABT,K  12 

Test  Values 

Calculated  Values 

2 

with 

12 

3 

with 

11 

4 

with 

8 

6 

with 

7 

Compare  column 
Compare  column 
Compare  column 
Compare  column 

95  Fig.  39  shows  the  approximate  calculated  values  of  heat 
transmission  in  the  individual  sections  at  various  velocities,  without 
correction  for  film  temperature.  Fig.  40  shows  the  same  values 
corrected  for  film  temperature.  It  is  interesting  to  compare  these 
results  with  Fig.  34,  in  which  the  corresponding  test  values  are 
given.  The  agreement  of  the  actual  test  results  with  the  correspond- 
ing calculated  values  is  still  more  strikingly  shown  in  Fig.  41,  in  which 
the  curves  are  accurately  drawn  in  accordance  with  the  corrected 
formula,  while  the  plotted  points  represent  the  actual  test  values 
given  in  Table  8. 

96  Fig.  42  shows  graphically  the  relation  between  the  heater 
surface  and  air  temperature  for  various  velocities  through  wrought- 
iron  pipes  heaters.  The  factor  /  is  the  ratio  of  total  surface  to  clear 
area  and  will  vary  with  different  number  of  heater  sections,  being 
equal  to  98.68  for  the  eight  sections  tested.  The  values  of  /  as 
plotted  were  computed  from  formula  [7],  Appendix  No.  4. 

97  As  an  example  of  the  use  of  Fig.  42,  we  will  assume  an  initial 
or  entering  air  temperature  of  20  deg.  fahr.  with  a  velocity  through 
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the  clear  area  of  1000  ft.  per  min.  Following  the  dotted  line  as  shown, 
we  find  a  value  of  fi=^25A,  and  adding  /— 98.68  for  eight  sections 
gives  /s»  124.08.  From  /s= 124.08  follow  the  dotted  line  upward 
till  it  intersects  the  1000  ft.  per  min.  velocity  and  the  across  to  a 
final  or  leaving  temperature  of  147  deg.  fahr.  An  inspection  of 
colmnn  8  of  Table  12  shows  a  final  temperature  obtained  from  the 
tests  of  147.02  deg.  fahr.  This  diagram  may  be  used  for  any  other 
value  of  temperature  or  surface,  when  the  steam  pressure  is  5  lb.  gage. 


APPENDIX  No.  1 

98  A  series  of  ten  tests  was  made  in  February  1906  for  the  purpose  of  check- 
ing the  results  obtained  from  similar  tests  made  in  1902.  As  the  results  of  these 
tests  agreed  so  fully  with  those  of  the  former  tests,  it  was  considered  imneces- 
sary  to  work  them  up  in  detail  until  the  present  time.  A  number  of  similar 
tests  were  also  made  at  this  time  at  various  other  steam  pressures.  As  these 
merely  substantiate  the  relationships  here  presented,  it  has  been  thought  un- 
necessary to  include  them. 

99  The  tests  were  made  on  an  indirect  or  fan  system  heater,  consisting 
of  eight  sections  each  of  four  rows  of  1-in.  wrought-iron  pipe.  Details  of  the 
arrangement  of  the  pipes  and  their  distribution  in  the  .cast-iron  base  is 
shown  in  Fig.  30.  Each  section  contained  126.6  sq.  ft.  of  surface,  and  the 
clear  area  was  10.263  sq.  ft.  The  air  was  drawn  through  the  heater  by  a  steel 
plate  fan,  and  blown  through  a  nozzle  where  the  air  measurements  were  made. 
The  velocity  of  the  air  was  measured  by  means  of  a  pitot  tube  and  a  hook 
gage,  the  temperatures  being  carefully  taken  at  the  outlets  with  thermometers 
well  protected  from  the  effect  of  radiation.  The  pitot  tube  readings  were 
taken  at  the  outlet  of  the  fan  nozzle,  a  series  of  64  readings  having  been  taken 
over  the  area  of  the  outlet,  and  the  ratio  of  the  average  to  the  reading  at  the 
center  carefully  computed.  During  the  test  continuous  readings  were  taken 
with  the  pitot  tube  fixed  in  the  center  of  the  orifice,  which  were  afterwards 
corrected  for  the  above  ratio. 

100  The  pressure  of  the  steam^  as  well  as  the  speed  of  the  fan  engine,  was 
kept  constant  throughout  each  test  by  two  of  the  observers.  The  condensa- 
tion from  each  section  was  weighed  separately,  and  the  temperatures  carefully 
noted.  Each  section  was  provided  with  an  air  vent,  and  thoroughly  blown 
out  for  about  one  hour  before  starting  the  test,  and  some  steam  was  allowed 
to  blow  through  during  the  entire  test.  A  separator  was  placed  in  the  steam 
line  before  the  throttle,  and  a  calorimeter  was  used  to  determine  the  quality 
of  the  steam  as  it  entered  the  steam  heater.  A  slight  degree  of  superheat  was 
observed  during  each  test,  and  the  proper  allowance  made  in  the  calculation 
of  the  total  heat  of  the  steam.  The  saturation  temperature  of  the  steam  was 
also  taken  before  and  after  each  test  to  check  the  steam  gage,  proper  allowance 
being  made  for  stem  correction  to  the  thermometer.  Barometric  readings 
were  made  during  each  test,  and  the  steam  pressure  so  regulated  as  to  maintain 
an  absolute  pressure  of  19.7  lb.  on  the  heating  coils.  The  steam  gage  was 
calibrated  by  means  of  a  dead-weight  tester  before  and  after  each  test,  due 
allowance  being  made  for  the  barometric  reading  taken  at  the  time. 

101  In  Table  8  will  be  found  the  principal  data  obtained.  As  already 
explained,  the  first  column  for  each  test  contains  the  uncorrected  observations, 
the  second  column  these  same  readings  corrected  to  standard  conditions  of  70 
deg.  fahr.  and  29.92  in.  barometer,  while  in  the  third  column,  as  previously 
explained,  a  further  correction  is  made  for  a  systematic  error  of  8  per  cent  io 

1123 


1124 


AIR-CONDITIONINQ  APPARA.TUB 


measuring  the  air.  Proper  allowance  htul  been  made  for  heat  loss  from  the  tie 
by  convection  from  the  surface  of  the  heater  easing  and  fan  housing,  coneetioi 
for  this  loss  being  added  to  the  air  temperature.  Blight  corrections  were  sin 
made  for  condensation  from  such  portioos  of  the  heater  base  and  pipe  a 
tions  as  were  exposed  to  the  air  of  the  room  rather  than  to  the  a' 
This  loss  was  found  to  amount  to  78.4  B.t.u  per  hour  per  degree  diffensc* 
between  the  steam  temperature  and  room  temperature. 
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Fio.  43    Relation  of  Fan  Speed  to  Vblocitt  of  Air  thbouch  Heatei 


102  A  further  correction  was  also  required  to  make  allowance  for  the  fsct 
that  the  condensation  left  the  heater  at  practically  steam  temperature,  and  i 
portion  would  flash  into  steam  upon  exposure  to  the  atmosphere.  After  cut- 
ful  tests  it  was  decided  to  add  1.5  per  cent  to  the  weight  of  condensation  to 
cover  this  loss,  as  well  as  II  lb.  per  \  hr.  to  cover  the  average  loss  due  to 
evaporation  from  the  tanks  containing  the  condensation.  A  final  correction 
was  then  made  to  reduce  all  the  tests  to  a  standard  of  20  deg.  for  the  temper*- 
turo  of  the  entering  air.  This  was  based  on  the  fact  that  at  any  velocity  the 
weight  of  the  condensation  practically  varies  directly  as  the  temperatun 
difference  between  the  steam  and  entering  air. 
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103  As  preyiouflly  stated,  the  speed  of  the  fan  was  maintained  constant 
during  each  test  at  the  speeds  shown  in  Table  8.  The  relation  of  the  fan  speed 
to  the  velocity  through  the  clear  area  as  computed  from  the  air  measurements, 
is  shown  in  Fig.  43  plotted  from  the  values  in  Table  8,  barometric  measure- 
ments being  taken  into  consideration  in  computing  the  air  measurements.  It 
will  be  noted  that  the  velocities  recorded  are  fairly  regular,  with  the  exception 
of  the  tests  made  at  80  and  240  r.p.m. 


APPENDIX  No.  2 

FORMULA  FOR  MEAN  EFFECTIVE  TEMPERATURE 

104  Let  U  be  the  total  heat  transferred,  S  the  total  surface,  K  the  rate  of 
heat  transmission  per  degree  difference  in  temperature,  (^g— 9)in  the  mean  effec- 
tive temperature  difference  between  the  steam  and  air.    Then  we  will  have 

H-'K  (fi^-e)raS Ill 

(^.-W.-— -  ^^     -   121 

alao 

dH  -  (^.  -  0)  KdS [31 

105  Referring  to  Fig.  29  we  have 

liff  =  -  Cp  IFd  (d.  -  « [4] 

where  W  Is  the  total  pounds  of  air  per  hour  passing  over  the  surface  S. 

106  Equating  [3]  and  [4]  we  have 

(d.-«i?d5=-Cpird(^,-« [51 

K  {dS^CW  {''-''-.diSsre) [6 


Integrating 


Hence 


/iC5-  CpW  lege  ^""  ^' [71 


(e,-e)u.=      ^!/\; 181 

C/g  — t/i 


loge 


6^  —  02 


{Us-'(f)m=  ,Q        Q\       [91 

•»«•  U  --ft 

107    From  equation  [45]  we  have 

or  approximately 

0,^6' ^RoKo  (0,^6) ,..[10] 

1126 
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Hence 

diet-e')^RKd(0^-e) [iij 

Therefore  it  follows  from  [10]  and  [11]  that  we  will  have  the  same  relation- 
ship between  (^,-^),  (d.  -^'i)  and  (^.-^')m  a«  between  (^.-ft),  (d.- W 
and  (^a  —  6)za  in  equation  [11]  Hence 

(*.-«')„- <^^V/--:f-^ ^.....112) 


loge 


108    Substituting  in  [12]  RoKoiS^-Oi)  for  Ss-e'i  and  RoKoiO^-St)   for 
Si  —  0'»  we  have 

(«.-<»')„-«-^[(''--f'^-i^-«'^] [131 


'"^  (I-  Si) 


or 


or 


((^.-^)..— .^^^-- [141 


Um-ff» 77,  -  -Av   115] 


^"^  (^;) 


APPENDIX  No.  3 
PROOF  OF  FORMULAE  [49]  AND  (58] 

ir,.x[i+iroi?o(?^)] m 

109  It  has  been  shown  that  the  value  of  R  for  a  mean  film  temperature  of 
625  deg.  is  0.0147,  and  that  it  varies  directly  as  the  absolute  temperature. 
Hence 

_      RpS'm     0.0447  ^m  .^, 

^^^"6^5         ezT" ™ 


Hence 


J^  ^  flo  ^m      50.66 
k"    625  V 


^m  -  625^ 
625 

^m  -  625^ 
'625 


110    Let 


^m-625 


) 


Then 


111    We  have  from  equation  [54] 

logio 
Hence  substituting  the  above  value  of  K  we  have 


X  =  ^o<      V      »    "^ 


Ko^K{\-^XKo) I7I 

•"--vrK. "' 


/fl,  -  ft\       0.3994  fK  .^ 

\e,-e,)'       V       '" 


t 
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(tf    —  625\ 
'^^— - —  J.    From  equation  [48]  we 

have  ^m  =  ^1  -  B,K  (On  -  Wm.    Hence 

^m  "  <?8  —  RqKo  (<?•  —  Wm  (approximately) [Ill 

Substituting  this  value  of  e'^  in  equation  [6]  we  have 


1121 

113    Substituting  numerical  values  previously  determined 

X- 0.0447 p'--«^«**^^;4*'---^-^] [18 

Henoe 

X  -  0.0000n62d.  -  0.0447-0.00000321^0  (^i  -  Wm IMJ 


APPENDIX  No.  4 

PROOF  OF  EQUATION  [55] 
114    From  equation  [54]  we  have 


V 


and  from  equation  [2],  Appendix  No.  3 


JL_  ^  0.0447  ^m      60.66  . 


115    From  equation  [15]  Appendix  No.  2 


^m  -  fc  -0.434  X  0.0447  Kof       ^'     ^'^  A W 


Hence 


1^    0.0447  g.       0.0447X0.434X0.0*47    ^      /       ^'~^'       \   .50.66 

k"     626  "      625  "    i,       IB,-Ox\\'^~V     " 

logio 


IB,  -  o: 


-0.00007152 ^a-  0.0000013876  Xo/         '7    -^  v  \  +  -^  IS 

logj 


^    -^  -  (0.00007162^.  +  -j;r )logw(^'_^* ) -0.0000013875 liCo(ft-ft)..l6| 


or 


'6  —  d\ 
f=  (0.0001791  Vo  6.  +  126.8)  logio  f  ^'  _^r-  1  -  (0.000003474  Fo  K^  (ft  -  ft) ....  [7] 


^          X,   n              X           /'ft-ft\      0.000003474 Fo«(ft-ft) 
=  (0.0001791  Vo^.+  m.8)  log.,  I  ^^_-----^j^^-^--^ f61 
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DISCUSSION 

R.  C.  Carpenter  said  that  there  was  a  great  deal  of  interest  in 
that  part  of  the  paper  pertaining  to  the  apparatus  for  obtaining  and 
maintaining  uniform  hygrometric  conditions.  The  theoretical  for- 
mula for  the  effect  of  convection  at  different  velocities  of  air  from 
different  radiators  is  a  remarkable  contribution. 

He  conducted  an  extended  series  of  experiments^  several  years 
ago  for  obtaining  the  heat  transmission  for  different  air  velocities 
and  for  different  amounts  of  surfaces,  in  which  a  fan  blower  was 
employed  to  deliver  air  over  various  amounts  of  surfaces.  The 
results  obtained  in  these  experiments  were  entirely  the  effect  of 
convection.  The  general  results  of  these  experiments  indicated 
that  the  convected  heat  transmitted  per  degree  difference  of  tem- 
perature per  sq.  foot  of  heating  surface  could  be  expressed  quite 
accurately  by  a  formula  consisting  of  a  constant  part  and  a  part 
which  varies  with  the  square  root  of  the  velocity  of  the  air.  Thus 
if  r  =  heat  of  transmission  per  degree  difference  of  temperature, 
a  and  b  =  constants,  v  =  velocity  of  the  air  in  feet  per  second, 
then  r  =»  a  +  b^  V,  For  the  ordinary  conditions  of  temperature 
which  prevail  in  heating  with  fans,  a  =  1.25  and  b  =  0.6. 

He  was  pleased  to  note  the  attempt  which  Mr.  Carrier  has 
made  to  express  this  character  of  heat  transmission  in  a  rational 
manner. 

F.  R.  Still  (written).  The  advantages  of  the  proper  conditioning 
of  air  are  well  known  to  engineers.  Recent  investigations  in  Germany 
indicate  that  even  very  impure  air,  if  properly  hiunidified,  is  less 
harmful  to  human  beings  than  very  dry  air  of  a  high  degree  of  purity. 
In  respect  to  disease,  it  was  discovered  some  years  ago  that  germs  are 
carried  from  one  person  to  another  on  small  particles  of  dust  and  are 
breathed  into  the  nose,  throat  and  lungs.  With  the  modem  system 
of  air  conditioning  the  dust  is  almost  entirely  eliminated  which  lessens 
to  a  high  degree  the  probability  of  germs  passing  from  one  person  to 
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another.  On  the  score  of  economy  also,  there  is  a  saving  in  heating, 
as  a  temperature  of  66  deg.,  with  a  proper  degree  of  humidity  is  more 
comfortable  than  a  very  dry  atmosphere  when  the  temperature  is 
considerably  above  70  deg. 

The  devices  now  on  the  market  are  all  intended  for  public  buildings, 
such  as  schools,  theatres,  churches,  etc.;  but  what  is  wanted  most  of 
all  is  a  small,  cheap  and  effective  device  by  means  of  which  the  humid- 
ity in  our  residences  can  be  controlled. 

J.  I.  Ltle  (written).  With  a  view  to  supplementing  what  Mr. 
Carrier  has  given,  it  probably  is  not  out  of  place  to  call  attention  to 
the  fact  that  the  latest  designs  for  dry  blast  plants  are  making  \m 
of  this  direct  spray  system.  Usually  water  is  employed  in  the  first 
stage  of  work,  which  can  often  be  obtained  from  natural  sources  sufll- 
ciently  cold  to  do  a  considerable  portion  of  the  work.  Even  where  the 
water  has  to  be  cooled  by  refrigeration,  a  very  high  ammonia  suction 
pressure  can  be  used,  thereby  greatly  reducing  the  size  of  ammonia 
compressor  required  and  horsepower  consumed. 

If  the  dehumidif  3dng  is  being  done  on  the  suction  side  of  the  blowing 
engine,  and  much  less  than  2i  grains  of  water  vapor,  corresponding 
to  a  dewpoint  of  36  deg.,  is  to  be  carried  by  the  air  leaving,  water 
can  not  be  employed  in  the  final  stage.  In  such  cases,  a  spray  of 
calcium  brine  is  employed  in  the  final  stage.  The  salt  is  kept  at  a 
constant  specific  gravity  by  passing  a  small  portion  of  it  continuously 
through  an  evaporator  or  vacuum  pan  similar  to  those  used  in  the 
manufacture  of  sugar,  an  open  evaporator  being  used  where  live  steam 
is  employed  for  the  concentration,  and  a  vacuum  pan  where  exhaust 
steam  is  used.  .  By  maintaining  a  constant  vacuum  and  regulating 
the  temperature  of  boiling  thermostatically,  the  strength  of  the  solu- 
tion is  uniformly  maintained. 

The  dewpoint  to  which  the  air  is  cooled  is  regulated  automatically 
by  a  thermostat  as  described  in  Par.  18. 

The  use  of  an  interchanger  placed  between  the  stages  using  refrig- 
erated water  or  brine  and  the  stage  using  water  from  natural  sources, 
makes  a  material  saving  in  the  refrigeration  required. 

The  advantages  over  the  coil  or  surface  type  of  dehumidifier  are: 
(a)  reduction  in  amount  of  power  required;  (6)  reduction  of  first  cost; 
(c)  reduction  in  space  required,  and  the  constant  and  uniform  condi- 
tion of  the  air  supplied  to  the  furnace. 

The  second  subject  is  that  of  the  dehumidifying  of  compressed  air. 
The  dewpoint  for  a  given  weight  of  water  vapor  in  a  given  space  is 
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dependent  upon  the  vapor  pressure  and  not  upon  the  air  pressure. 
By  compressing  the  mixture  of  air  and  water  vapor,  the  dewpoint 
required  for  the  same  final  relative  weights  of  vapor  and  air  will  be 
raised.  To  illustrate,  if  it  is  desired  to  reduce  the  water  vapor  to  2 
grains  per  cu.  ft.  of  free  air,  and  the  dehumidifying  is  done  at  atmos- 
pheric pressure  it  is  necessary  to  reduce  the  air  to  a  temperature  of 
approximately  30  deg.  fahr.  If,  however,  the  air  is  compressed  to 
double  the  absolute  pressure,  for  the  same  results,  it  will  be  necessary 
only  to  cool  to  a  dewpoint  of  approximately  50  deg.  fahr. 

The  elevation  of  the  temperature  plane  not  only  allows  of  a  high 
suction  pressure  on  the  ammonia  compressor  with  the  resultant  econ- 
omy, but  it  makes  it  possible  to  do  a  very  large  portion  of  the  work 
by  water  from  any  convenient  source,  such  as  rivers,  lakes  or  wells. 
Of  course,  the  colder  the  water  available,  the  less  refrigeration  required. 

There  are  two  systems  of  dehumidifying  under  pressure  which  have 
been  designed  for  blast-furnace  application,  only  one  of  which,  I 
believe,  has  been  put  in  operation.  In  both  of  these  systems,  the 
work  is  done  with  the  sprays.  In  one  a  constant  air  pressure  is  main- 
tained in  the  dehumidifier  by  a  regulating  valve  placed  in  the  blast 
pipe  leading  to  the  furnace,  and  a  constant  dewpoint  is  r^ulated  by 
the  control  described  by  Mr.  Carrier  in  Par.  18. 

The  other  system  provides  for  vaiying  automatically  the  deiwpoint 
temperature  of  the  air  leaving  the  dehumidifier,  in  relation  to  the 
variations  in  the  air  pressure,  to  procure  a  constant  relation  of  the 
weights  of  water  vapor  and  air. 

The  relation  between  the  air  pressure  and  the  dewpoint  required  is 
a  variable,  but  an  automatic  regulator  has  been  devised  to  overcome 
this  diflSculty. 

With  compressed  air  the  eflSciency  of  the  interchanger  is  greatly 
increased  due  to  the  greater  density.  With  an  interchanger  having 
the  same  first  cost  as  the  refrigeration  which  it  displaces,  the  refrig- 
eration required  is  reduced  from  30  to  40  per  cent. 

With  the  compressed  air  method  then,  there  are  three  factors  which 
reduce  the  amount  of  refrigeration  and  power  required:  (a)  the  large 
amount  of  work  that  can  be  done  by  water  from  natural  sources; 
(6)  the  high  efficiency  of  an  interchanger;  (c)  the  high  ammonia 
suction  pressure. 

The  principal  advantages  of  dehumidifying  for  blast  furnaces  on  the 
compression  side  of  the  blowing  engine  are:  (a)  a  very  low  first  cost; 
(6)  small  space  required;  (c)  low  cost  of  maintenance. 


DISCUSSION 

The  Authors.  A  further  study  of  the  transmission  of  heatfrom 
fan-coil  heaters  was  made  after  this  paper  had  been  prepared,  to  ascer- 
tain if  the  theory  of  trfimsmission  therein  developed  was  applicable  in 
case  steam  at  a  higher  temperature  and  pressure  was  used.  This 
second  series  of  tests  was  made  with  a  steam  pressure  of  50  lb.  in  the 
coils,  and  the  results  obtained  seem  of  sufficient  interest  to  warrant 
a  brief  summary  of  a  few  of  the  more  important  points  being  presented 
here  (Table  13). 

The  apparatus  and  method  used  in  the  second  series  were  the  same 
as  those  already  described  for  tests  using  steam  at  5  lb.  in  the  heater, 
both  series  of  tests  having  been  made  at  the  same  time  and  by  the 
same  observers.  The  theory  was  also  applied  to  cast-iron  heating 
surface  in  the  form  of  Vento  heaters,  the  data  used  being  taken  from 
the  catalogue  of  the  American  Radiator  Company.  This  investi- 
gation has  been  fully  described  and  the  results  given  in  a  paper  by 
Frank  L.  Busey*  on  Heat  Transmission  with  Indirect  Radiation. 

It  is  noticeable  that  the  value  of  K  for  the  50  lb.  tests  is  less  than 
for  the  tests  at  5  lb.  steam  pressure,  which  is  in  accord  with  the  theor}' 
that  at  a  higher  film  temperature  the  film  resistance  is  greater  and  the 
transmission  of  heat  correspondingly  less.  When  these  values  are 
reduced  to  the  625-deg.  basis  the  values  of  the  coefficient  of  transmis- 
sion, Ko  in  Table  13,  become  practically  identical  for  the  5  lb.  and 
50  lb.  tests  at  the  corresponding  velocities.  From  this  it  will  be  seen 
that  the  values  to  be  supplied  for  the  constants  in  the  rational  for- 
mula [29]  are  the  same  for  both  5  lb.  and  50  lb.  pressure,  with  the 
pipe  coil  heaters. 

With  the  Vento  heaters,  however,  the  values  for  Ko  are  lower  and 
a  curve  plotted  for  these  conditions,  similar  to  that  in  Fig.  35,  b 
found  to  have  a  slope  indicated  by 

^     =  61.00 


CoTT, 


^Presented  before  the  January  1912  meeting  of  the  American  Society  of 
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so  that  formula  [20|  liecomea 


"      0.047 +«l^» 

where  9'  =  625  deg.  absolute. 

The  results  from  the  Vento  teatB  show  a  higher  film  temperature 
and  resistance  and  a  lower  rate  of  transmissioD  than  with  the  pipe  coil 
heaters.  The  frictional  resistance  is  also  less  and  it  is  probable  that 
the  rate  of  transmission  varies  as  the  frictional  resistance  to  the  pas- 
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sage  of  air  through  the  clear  area  of  the  heater.    Through  the  ordi- 
nary working  range  the  Vento  heaters  require  a  velocity  approxi- 
mately 24  percent  greater  than  the  pipe  heaters. 
The  following  general  conclusions  may  be  deduced : 

a  The  authors'  theory  of  heat  convection  appears  to  be 
established  from  four  separate  and  independent  sources. 
Apparently  there  is  a  true  film  resistance  to  the  transmis- 
sion of  heat  which  varies  inversely  as  the  density  of  the 
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air  or  gas  ia  the  surface  film  and  h 
lute  film  temperature. 

b  It  has  been  conclusively  shown  thi 
mission  per  degree  difference  in  i 
steam  and  air  is  not  constant  fi 
varies  in  accordance  with  the  t 
ture. 

c  This  effect  of  film  resistance  has  a  V 
many  other  cases  of  heat  transi 
in  the  indirect  transmission  of  hi 
cooling  of  gases  in  the  cylinders 
cases  there  are  very  high  film  temj 
which  tend  to  greatly  reduce  tl 
At  these  high  film  temperatures, 
per  cent  increase  in  the  rate  of  tra 
velocities  is  greatly  reduced. 

d  The  film  resistance  is  the  same  fo 
of  their  form,  but  that  portion  ol 
ance  which  is  dependent  on  t 
proportional  to  the  effective  vek 
same  for  any  two  designs  of  heal 

e  In  general  it  may  be  stated  that  wl 
different  types  of  heaters  are  so  i 
same  f  rictional  resistance,  the  tra 
be  the  same.  For  example,  Ven 
give  a  considerably  lower  trans 
pipe  coils  at  the  same  air  velocitj 
in  the  disposition  of  the  surfa 
reason  the  Vento  also  has  consi 
resistance,  so  that  by  increasing 
same  frlctional  resistance,  the  i 
comes  substantially  the  same  a 
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SOME  EXPERIENCES  WITH  THE  PITOT  TUBE 
ON  HIGH  AND  LOW  AIR  VELOCITIES 

By  Fbank  H.  Knbbland,  Gary,  W.  Va. 
Junior  Member  of  the  Society 

As  is  well  known  the  Pitot  tube  is  an  instriunent  for  measuring  the 
velocity  of  moving  fluids.  Its  general  principle  is  well  understood; 
but  we  believe  that,  possibly  on  account  of  ffiuicied  difficulties 
in  its  manipulation,  it  has  never  received  thoughtful  consideration 
from  the  majority  of  engineers,  nor  been  put  to  the  practical  use  to 
which  its  merits  justly  entitle  it.  This  paper,  therefore,  will  deal 
rather  more  with  the  practical  side  of  the  instrument  thfiui  with  the 
theoretical. 

2  The  tests  herein  described  were  made  in  part  in  connection  with 
the  flow  of  air  through  an  experimental  pipe  line  erected  for  the 
study  of  the  problem  of  convejdng  coal  by  means  of  an  air  blast. 
The  idea  of  transporting  coal  by  this  means  from  the  workings  of  the 
mine  to  a  tipple  or  bin  is  not  a  new  one,  several  patents  having  been 
issued  for  such  schemes.  During  the  spring  of  1909  one  of  the  officials 
of  the  United  States  Coal  &  Coke  Company  conceived  the  idea  of 
transporting  the  coal  cut  by  a  mining  machine,  by  means  of  suction, 
on  a  principle  similar  to  the  Darley  ash  conveyor,  or  the  better  known 
vacuum  carpet  sweeper.  Under  certain  conditions,  this  method  of 
mining  possesses  many  obvious  advfiuitages  over  present  practice. 

3  After  carefully  studjdng  this  problem  in  the  light  of  available 
data,  it  appeared  so  good  on  paper  that  it  was  deemed  justifiable  to 
build  an  experimental  plant  for  the  purpose  of  determining: 

a  The  velocity  of  air  current  necessary  to  carry  coal  in  pipes 

of  a  given  diameter. 
b  The  amount  of  coal  which  could  be  transported  by  a  given 

amount  of  air,  in  pipes  of  given  diameter,  but  at  varying 

velocities. 


^Presented  at  the  Annual  Meeting  1911,  of  The  Ambrican   Society  of 
Mechanical  Engineers. 
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c  The  loss  of  pressure  due  to  friction  of  air  in  the  pipes  while 
carrying  coal. 

4  Accordingly  the  plfimt  shown  in  plan  and  profile  in  Fig.  1  was 
constructed.  It  consisted  essentially  of  a  mining  machine,  a  mine 
pipe  for  transporting  the  coal,  a  suction  head  to  separate  the  coal  from 
the  air  and  a  positive  blower,  or  rather  a  "sucker,"  for  creating  the 
air  blast.  The  mining  machine  above  referred  to  cut  the  coal  in 
sizes  ranging  from  fine  powder  to  lumps  equivalent  to  about  2-m. 
cubes.  The  machine  used  in  our  experiments  was  originally  designed 
for  loading  the  coal  into  mine  cars  and  was,  therefore,  equipped  with 
a  conveyor  extending  from  its  rear  end.  In  our  early  experiments, 
it  discharged  its  coal  into  a  hopper  mounted  on  6-in.,  8-in.  or  12-m. 
ordinary  wrought-iron  pipe,  as  shown  in  Fig.  2.  Later  on  it  was 
arranged  to  discharge  into  a  pipe  of  rectangular  section,  withapprox- 
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Fig.  1    Plan  and  Profile  of  Experimental  Pipe  Lines 

imately  the  same  area  as  the  24-in.  mine  pipe.  As  will  be  seen  in 
Fig.  2,  above  mentioned,  only  two  pipes  were  used  at  a  time,  one 
carrying  the  coal  and  the  other  for  the  purpose  of  "spilling  in"  au- 
to the  24-in.  main  mine  pipe,  to  which  the  two  smaller  pipes  were  con- 
nected by  means  of  a  plate  flange.  The  24-in.  mine  pipe  was  made  up 
of  30-ft.  sections,  except  sections  of  special  length,  of  which  three  were 
used.  Each  section  was  composed  of  six  plates,  each  plate  extending 
throughout  the  complete  circumference  and  being  lapped  and  riveted 
at  the  joint.  Each  of  these  longitudinal  seams  were  placed  180  deg. 
from  those  of  the  plates  next  joining  it.  All  transverse  or  girth  seams 
were  single  riveted  at  the  joints;  all  edges  of  plates  inside  the  pipe 
were  beveled  and  all  rivets  countersunk  on  the  inside.  Each  section 
or  length  of  pipe  was  provided  with  wrought-iron  flanges  at  each  end 
riveted  to  the  pipe,  the  flange  rivets  being  countersunk  on  the  inside 
like  all  the  others.  The  sections  were  put  together  with  J-in.  rubber 
gaskets  between  all  flanges,  which  made  an  extremely  tight  mine 
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pipe  and  one  on  which  repeated  tests  as  the  work  progressed  failed 
to  show  any  perceptible  leakage. 

5  The  outer  or  tipple  end  of  this  mine  pipe  was  connected  with  a 
square  wooden  suction  head.  At  the  upper  end  of  the  suction  head  a 
36-in.  cast-iron  pipe  connected  it  to  a  No.  11  Roots  positive  blower. 
This  machine  was  driven  through  gearing  by  two  200-h.p.  720-r.p.m. 
induction  motors.  Two  ratios  of  gearing  were  employed,  one  driving 
the  blower  somewhat  below  90  r.p.m.  and  the  other  somewhat  above 
100r.p.m.  The  normal  displacement  of  the  blower  was  300  cu.  ft.  per 
revolution.  This,  however,  was  when  the  machine  was  operating 
under  no  pressure.  Fig.  3  shows  its  capacity  in  cubic  feet  of  free  air 
per  revolution  under  varying  vacua.  In  the  36-in.  pipe  line  and 
directly  above  the  blower  was  a  36  in.  by  16  in.  by  36  in.  tee  with  its 
16-in.  branch  looking  up.     On  the  upper  flange  of  this  tee  was 


Machine  conveyer -frs^ 


Fig.  2    AaRANOEiiENT  of  8-in.  and  12-in.  Pipbs  and  Hopper  at  End  of 

24-iN.  Pipe  Line 


mounted  a  16-in.  straightway  valve,  upon  which  was  placed  a  length 
of  16-in.  pipe  somewhat  over  12  ft.  long.  The  whole  external  arrange- 
ment except  the  motors  and  gearing  may  be  clearly  seen  in  Fig.  4. 
6  The  experimental  plant  has  been  carefully  described  in  order 
that  the  manipulation  of  apparatus,  etc.  may  be  clearly  understood. 
The  velocity  of  air  in  a  pipe  carrying  coal  or  other  foreign  substances 
cannot  be  measured  by  any  direct  means,  and  we,  therefore,  had  to 
resort  to  indirect;  that  is  to  say^  to  determine  the  capacity  of 
the  blower  per  revolution  and  deduct  from  the  quantity  handled  by 
the  blower,  the  sum  of  the  leakage  fimd  admission  of  air  other  than  that 
through  the  mine  pipe  carrying  the  coal.  The  resulting  quantity 
was,  of  course,  that  passing  through  the  coal-carr3dng  pipe.  There 
were  four  points  or  places  of  admission  of  air,  namely,  the  coal  pipe, 
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the  admission  pipe  parallel  to  it,  the  admission  above  the  blower, 
and  the  suction  head.  Although  this  suction  head  was  built  up  of  a 
double  thickness  of  tongued  sjid  grooved  flooring  with  all  joints  laid 
in  white  lead,  it  leaked  considerably  and  it  became  necessary  before 
the  experiments  were  over  to  cover  the  whole  structure  oompletdy 
with  tar  paper  laid  in  thick  tar  paint.  Tests  for  leakage  in  this  part 
of  the  apparatus  were  run  at  frequent  intervals  and  correctioiis  made 
for  it  in  all  calculations.  It  was  necessary  then  while  using  the  two 
pipes  at  the  end  of  the  mine  pipe,  to  measure  the  velocity  of  the  air 
at  two  places,  in  one  of  the  pipes  above  mentioned  and  in  thepipe 
above  the  blower.  In  order  that  all  observations  might  be  tsken 
simultaneously,  a  83rstem  of  signals  was  installed  whereby  the  doring 
of  a  small  knife  switch  at  a  point  near  the  mining  machine  flashed 
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Fig.  3    Curve  for  Discharge  of  Roots  Blower  per  Revolution  ai 

Various  Vacua 


ordinary  incandescent  lamps  in  front  of  each  observer,  both  inside 
and  outside  the  mine.  Not  only  were  observations  taken  on  the 
velocity  of  air  but  also  at  three  different  points  on  the  vacuum  as 
well.  A  direct-reading  water  manometer  was  connected  td  the  24- 
in.  pipe  a  short  distance  behind  the  mining  machine;  a  di£ferentiai 
mercury  manometer,  multiplying  five  times,  was  attached  to  the  34-in. 
pipe  just  outside  its  connection  with  the  suction  head,  as  shown  at 
A  in  Fig.  4,  and  an  ordinary  direct-reading  U-tube  manometer  attached 
to  the  36-in.  pipe  a  short  distance  above  the  blower,  as  shown  at  B 
in  Fig.  4.  In  addition  to  the  manometers  above  mentioned,  there 
were  used  in  connection  with  the  Pitot  tubes  glass  manometers  of  the 
U-type  where  one  leg  is  enclosed  within  the  other.  These  instruments 
were  16  in.  long  and  provided  with  scales  reading  to  one-tenth  of  an 
inch.    Either  water  or  mercury  was  used  as  a  working  fluid,  depend- 
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ing  upon  the  velocity  of  the  air  being  measured.  Although  not 
appearing  on  the  data  sheets,  corrections  were  alwa3rs  made  for 
capillarity  of  the  fluid  in  the  manometers. 

ON  THE   USE   OF  THE  PITOT  TUBS 

7  In  general  the  Pitot  tube  consists  essentially  of  two  deuces: 
One  (a)  for  converting  the  energy  of  a  moving  fluid  into  a  pressure; 
and  the  other  (b)  for  measuring  the  pressure  on  the  fluid  under  consider- 
ation. In  this  paper  the  first  will  be  known  as  the  Dynamic  Nozzle 
and  the  pressure  registered  by  it  will  be  called  the  Dynamic  Head;  and 
the  second  as  the  Static  or  Piezometer  Nozzle  and  the  pressure 
registered  by  it  will  be  caUed  the  Static  Head.  In  our  work  at 
Gary,  we  used  six  tubes  of  three  distinct  types,  shown  in  Fig.  5, 
known  as  the  United  States  No.  1,  the  Gebhardt  Nos.  1  and  2, 
and  the  Taylor  Nos.  1,  2  and  3.  The  United  States  No.  1  tube 
was  made  at  our  own  shops  and  consisted  of  the  dynamic  nozzle 
A  and  the  static  nozzle  B,  In  use  the  dynamic  nozzle  was 
placed  in  the  holder  C,  which  was  screwed  firmly  into  the  wall 
of  the  pipe  in  which  a  test  was  being  made.  It  was  clamped  mto 
the  holder  by  the  small  set  screw  shown  in  the  drawing  (Fig.  5).  The 
static  nozzle  was  screwed  into  the  wall  of  the  pipe,  like  the  holder 
above  mentioned,  until  its  inner  end  came  flush  with  the  inner  surface 
of  the  pipe.  The  static  and  dynamic  nozzles  of  this  tube  were  always 
placed  on  the  same  girth  line  of  the  pipe  and  approximately  90  deg. 
from  each  other.  The  Gebhardt  tubes,  designed  by  Prof.  G.  D.  Geb- 
hardt and  purchased  from  the  Armour  Institute  of  Technology, 
were  practically  identical  with  each  other.  They  had  been  carefully 
calibrated  and  re-calibrated  in  gas  mains  and  were  said  by  their  de- 
signer to  possess  a  coefficient  of  unity.  It  will  be  observed  that  the 
static  nozzles  of  these  tubes  were  beveled;  this  was  done  in  order  to 
avoid  aspiration  in  this  part  of  the  tube.  In  a  paper^  entitled  The 
Pitot  Tube  as  a  Steam  Meter,  when  speaking  of  the  beveling  of  the 
static  nozzle  of  the  tube  to  prevent  aspiration,  Professor  Grebhardt 
stated  that  further  experiments  were  necessary  to  show  whether  any 
fixed  angle  is  applicable  to  all  velocities.  Our  experiments  would 
bear  out  the  above  statement  as  this  seems  to  be  the  weak  or  inac- 
curate part  of  the  apparatus.  The  other  details  of  the  tube  are 
shown  with  sufficient  clearness  in  the  drawing. 

8  The  Taylor  tubes  were,  like  the  Gebhardt  tubes,  practically 

Am.Soc.M.E.,  vol.  31.  p.  601. 
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identical  with  each  other.  These  tubes  were  kindly  loaned  to  us  by 
Capt.  D.  W.  Taylor,  naval  constructor  at  the  United  States  Navy 
Yard,  Washington,  D.  C,  and  had  been  used  very  successfully  in 
testing  ventilating  fans  for  warships.  This  type  of  tube  was  very 
much  more  difficult  to  manipulate  thfim  the  other  two.  Due  to 
its  shape,  it  had  to  be  adjusted  with  extreme  care  when  dealing 
with  the  high  velocities  employed  by  us,  and  at  such  times  the  writer 
and  his  associates  were  in  constant  fear  lest  its  long  point,  or  nose. 
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FiQ.  5    Types  op  Pitot  Tubes  Used 


be  turned  sidewise  and  the  tube  capsize,  so  to  speak.  Fortunately 
no  such  accident  occurred,  but  it  is  possible  that  some  of  the  erroneous 
readings  of  these  tubes  may  have  been  caused  by  the  tube  taking  a 
slightly  sidewise  position  when  subjected  to  the  enormous  wind  pres- 
sures developed.  It  might,  also,  be  mentioned  that  we  made  three 
other  tubes,  none  of  which  were  ever  used  on  account  of  their  large 
size  and  consequent  clumsiness  and  difficulty  of  manipulation.  Also 
in  one  test  five  dynamic  nozzles  were  used,  similar  to  those  of  the 
United  States  No.  1  tube,  arranged  one  in  each  of  the  five  positions 
shown  in  Table  1. 
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9  These  five  uoaeles  were  oonnected  to  the  automatic  aven^ng 
block  shown  in  Fig.  6,  vtiich  in  turn  was  connected  to  a  manometer. 
The  static  pressure  was  obtfuned  from  a  static  noazle  exactly  sunilar 
to  that  of  the  United  States  No.  1  tube.  Thia  arrangement  of  the 
apparatus,  although  apparently  possesmng  some  advantages  over  the 
ordinary  method,  is  not  only  rather  clumsy  but  is  also  iuherentlj 
inaccurate,  since  the  average  velocity  in  a  pipe  is  not  dependent  an 
the  square  root  of  the  average  dynamic  pressures  obtained  at  any 


Fio.  6    AuTouATic  AvEKAQiNO  Manometer 

given  number  of  points,  but  upon  the  average  square  roots  of  these 
pressures.  It  will  also  be  seen  that  the  liability  of  errors  caused  by 
leakages  in  the  joints  between  the  instrument  and  rubber  tubing  con- 
necting it  to  its  averaging  block  and  manometer  is  at  least  six  times 
as  great  in  this  apparatus  as  in  the  simpler  tubes. 

11  To  obtain  the  average  velocity  existing  in  a  pipe  from  the  use 
of  a  Pitot  tube,  recourse  may  be  had  to  two  methods.  The  first 
of  these  is  to  divide  the  diameter  of  the  pipe  into  a  given  number  of 
equal  parts  and  take  one  or  more  readings  at  each  division  point. 
TboB,  Bi^jposing  the  work  is  being  done  with  a  16-in.  pipe,  the  tube 
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would  first  be  placed  as  near  the  side  wall  of  the  pipe  as  possible  and 
a  reading,  or  a  series  of  readings^  taken.  It  would  then  be  placed, 
say  1  in.  from  the  side  wall  and  an  equal  series  of  readings  taken, 
and  so  on  across  the  diameter  of  the  pipe.  The  average  velocity 
would  then  be  considered  as  the  average  of  the  different  velocities 
obtained  at  the  several  points  of  observation.  It  will  readily  be 
seen  that  this  average  is  not  strictly  true,  since  the  outer  rings  of 
the  cross-section  are  of  equal  width  with  the  mner  ones,  consequently, 
they  are  unequal  in  area,  yet  all  were  given  equal  weight  in  the  cal- 
culations. The  second,  and  better  method,  is  to  divide  the  cross- 
section  of  the  pipe  into  a  given  number  of  equal  areas  and  place  the 
dynamic  nozzle  of  the  tube  in  the  center  of  gravity,  so  to  speak,  of  the 
circle  being  tested.  To  again  illustrate:  The  pipe  used  above  the 
blower  in  our  experiments  had  an  external  diameter  of  16  in.,  the 
wall  being  J  in.  thick.  This  gave  an  internal  diameter  of  15  J  in.  and 
an  area  of  188.69  sq.  in.     Dividing  this  into  five  equal  parts,  each 

TABLE  1    PIPE  SIZES  AND  POSITIONS  OF  TX7BE 
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part  would  have  an  area  of  37.738  sq.  in.  Taking  the  first  position 
of  the  Pitot  tube  at  the  center  of  the  pipe,  we  assume  that  the  velocity 
of  air  is  constant  over  the  circle  or  disc  whose  area  is  37.738  sq.  in. 
The  second  position  of  the  tube  is  foimd  by  dividing  the  next  ring 
or  part  into  two  equal  areas  and  adding  one  of  these  to  the  central 
disk,  and  finding  the  radius  of  this  sum.  In  the  above  case  expressed 
mathematically  this  becomes 
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12    These  positiona  for  the  different  siied  pipes  used,  as  well  u  tbe 
principal  dimenfflons  of  the  pipes,  tire  shown  in  Table  1. 
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13  In  Figs.  7,  8  and  9  are  plotted  the  results  of  tests  in  the  16-iii. 
pipe  above  the  blower  showing  how  the  velocities  vary  across  the 
diameter  of  the  pipe  as  determined  by  the  different  tubes  used.  The 
data  sheets  from  which  these  curves  are  plotted  are  found  in  the  ap- 
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pendix.    These  are  typical  and  fair  averages  of  all  tests  made  on  the 
different  sized  pipes  used. 

14    The  common  formula  for  the  Pitot  tube  is 

e  =  y^2gh 
where 

t  =  velocity  in  ft.  per  sec. 

g  =  acceleration  due  to  gravity  in  ft.  per  sec. 

h  =  head  in  ft.  causing  flow 
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But  in  wr  measurement  A  is  a  head  of  air  in  feet  but  ia  measured  by 
hi,  which  is  a  head  of  water  (or  mercury)  in  inohes.  Denoting  the 
weight  of  the  air  per  cubic  feet  by  w,  talpng  the  denaty  of  water  as 
62.4  lb.  per  cu.  ft.  and  letting  V  =  velocity  of  flow  in  ft.  per  min. 
we  have 


=  60>|2X 


32.16  X  62.4  X  Ai 
12  X  w 


1.3253  XB 
459.2  +  7 
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where 

B  =  height  of  barometer 

T  =  temperature,  deg.  fahr. 

1.3253  =  weight  in  lb.  of  459.2  cu.  ft.  of  air  at  0  d^.  fahr. 

and  1  in.  barometric  pressure.*    This  gives  the  weight  (rf 

dry  air. 

15  In  the  Smithsonian  Meteorological  Tables^  a  formula  is  given 
for  the  weight  of  humid  air  which,  changing  metric  to  Elnglish  units, 
is 

0.080723 6  -  0.378  e 

1  +  0.0020389  (t-  32)  ^      29.921 

where  t  is  temperature  in  deg.  fahr.,  b  is  corrected  height  of  barometer 
in  inches  of  mercury,  and  e  is  the  pressure  due  to  the  vapor  in  the 
air  in  inches  of  mercury. 

16  This  formula  was  used  for  determining  the  weight  of  ah-  in  all 
of  our  calculations;  the  humidity  of  the  au*  being  determined  by  psy- 
chrometric  observations  and  the  use  of  the  Smithsonian  tables  above 
referred  to. 

17  .  In  a  paper  entitled  Experiments  with  Ventilating  Fans  and 
Pipes'  Capt.  D.  W.  Taylor,  naval  constructor,  gives  an  exact  formula 
for  the  Pitot  tube.  The  following  is  quoted  in  part  from  detain 
Taylor 


where 


2(7       "y-^l^Pir      W      i 

Vi  =  velocity  in  ft.  per  sec.  at  a  point  where  the  pressure  = 
Pi  in  lb.  per  sq.  ft.,  pa  =  pressure  in  lb.  per  sq.  ft.  at 
any  other  point 

V2  =  velocity 


and 


Pi  =  weight  in  lb.  per  cu.  ft.  where  pressure  =  pi 
y    =  ratio  between  specific  heats  of  air  under  constant  pres- 
sure and  constant  volume  =  1.408 
g    =  acceleration  due  to  gravity  in  ft.  per  sec. 
18    Now  if  Pa  is  the  pressure  at  the  impact  opening  of  the  Pitot 
tube,  t^  =  0.    Also  take  pi  as  the  pressure  in  the  unchecked  stream 
measured  by  the  manometer  connected  with  the  pressure  openings 
on  the  side  of  the  Pitot  tube.    Also  let  pa,  Pa,  T*  be  the  pressure, 

^  Kent's  Mechanical  Engineers  Pocket  Book,  ed.  7,  p.  481. 

«p.  55. 

*  Society  of  Naval  Arch,  and  Marine  Engrs.,  1905,  p.  35. 
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weight  per  cubic  foot  and  absolute  temperature  of  the  atmosphere; 
Ti  and  T2  absolute  temperatures  corresponding  to  pi  and  p2.    Then 

~P2T2  P,T,  PaTa 

and  from  well-known  formulae  for  air 


J^  1       \V\/ 


y 


the  change  of  pressure  from  pi  to  p2  being  adiabatic.     Then  from  the 
above 


Let 

Then 


xTi 
P2  =  Pi  (1  +  A;) 


(fe)'-} 


Expanding  and  reducing 


^*  =  xT, 


It  _  ^*  4.  w  1  +  y  _  M  a+y)(i+2y)) 


2g 
Now 

y  =  1.408 

^  =  0.355 
2y 

Therefore 


'      \    "   Pi   I         2t/  ^        61/'  24y»  j 

19    Let  Vi  =  velocity  in  ft.  per  rain,  and  the  readings  of  p2  and  pi 
be  expressed  in  in.  of  mercury  instead  of  in  lb.  per  sq.  ft.     Then 


y,.  60^C4.32X  -^^^ "-{l  -  |.+t.'J|'-^.»+?>^!+i»)  j  X  70.704 
-  4046.16  ^'^^{.  -  ^^.-  't»  -  ^  » +_">^^^  "' I 
=  4046.16  J^'p^'j  1  -  0.355  k  +  0.202  fc»  -  0.137  kA 
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y                                             1      1      1    ;,/      1      1      1 

^  ^             ■  f-   1  V .-, " 

\     t          "1    i^-f  ^-^ 

\  i           ^1    1  1  * 

X  ^        'If  1  a  ir 

^^ '^       SI  n  If- 

-^15       1=.-,^  1  tr  " 

L             V                        |«L   ^      !q      !|    L, 

^5      "J  ?|J  ^<l 

^^     V    "       l^--li 

5    5          ^  « 

\^v  "^              1    1 

^^5             i^^i 

"V.                            s    '^ 

^^I       1  1 

i^      *  s 

S.N        1    1 

^^^  i  i 

^^.Tn 

s^ 

S!\ 

Sv 

sl: 

SiSSSS§Ss 
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The  values  above  g}vea  are  for  a  temperature  of  70  deg.  fahr.,  a 
barometer  of  29.921  in.,  and  a  humidity  of  70  per  ceot. 

20  Curves  in  Fig.  10  show  a  compariaon  of  the  velocities  of 
ail  as  calculated  by  the  two  formulae  already  given.  It  will  be 
seen  that  at  a  velodty  of  23,000  ft.  per  min.  these  formulae  give 
results  varying  by  over  15  per  cent,  while  at  11,000  ft.  pet  min.  the 
variation  is  only  about  S  per  cent.  For  velooitiea  below  6000  ft.  per 
min.  there  seona  to  be  no  good  reason  for  using  the  exact  formula 
as  given  above,  since  the  difference  between  it  and  the  common  for- 
mula is  well  within  the  limit  of  error  in  observation. 
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nUCnOK  IN  EZPBBnaiNTAL  PIPB  LIMS 

21    When  designii^  the  experimental  plant,  calculations  were 


Velocity  i£a'rinrtper  n 
Fia.  11    CuBTxa  or  Lobs  or  Pkimubb  Dm  to  Fbicttoh  ih  U-at.  Pipa 

made  for  the  loss  of  head  due  to  frioti<Hi  in  the  pipe  line.  These 
calculations  were  based  on  Sturtevant's  tables  on  air  friction,  since 
they  were  the  most  reliable  data  at  hand.  The  experiments  on  the 
plant,  however,  gave  an  excellent  opportunity  to  test  not  only  the 
loss  due  to  friction  when  carrying  varying  amounts  of  coal,  but  to 
check  the  calculated  loss  when  the  air  was  flowing  alone  and  unbur- 
dened. Accordingly,  observations  were  talcen  on  the  manometers 
at  each  end  of  the  24-in.  mine  pipe  with  this  end  in  view,  the  results 
of  which  are  shown  in  Fig.  11.  This,  however,  does  not  ^ve  the  loss 
from  friction  when  carrying  coal. 

22  Some  time  after  conducting  the  experiments  deecribed  on  the 
flow  of  air  in  pipes,  the  necessity  arose  for  accurate  measurement  of 
the  flow  of  air  in  mine  headings  in  connection  with  fan  tests,  also  of 
the  air  dischai^ed  from  the  ciiimney  or  outlet  of  fans,  and  we  natur- 
ally turned  to  the  Pitot  tube  as  being  the  most  accurate  means  at 
hand. 
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USE  OF  prroT  tube  in  mines 

23  When  we  come  to  use  the  Pitot  tube  in  mines  we  find  several 
conditions  not  existing  in  large  or  small  pipes.  The  floor,  ribs  and 
roof  of  a  heading  or  room  are  always,  more  or  less  rough  and  uneven, 
which  causes  innumerable  eddies  and  swirls  in  the  air  current  similar 
to  those  seen  in  the  water  along  the  sides  of  a  swift  stream  flowing 
over  a  rocky  or  uneven  bed.  It  is  impossible,  also,  to  determine  from 
the  appearance  of  an  airway  just  where  or  why  you  will  find  the 
stronger  air  current.  The  velocity  at  which  the  air  is  flowing  may 
also  cause  a  decided  difiference  in  the  contour  of  average  velocity  even 
though  all  other  conditions  remain  the  same.  This  is  well  illustrated 
in  fan  tests  Nos.  9  and  10,  Figs.  13  and  14  in  the  appendix.  Of  course, 
the  ideal  section  of  a  heading  in  which  to  take  a  test  would  be  a  long, 
straight,  smooth,  rectangular  passage.  This  can  never  be  foimd  and 
the  nearest  approximation  available  is  the  one  to  be  chosen.  At  one 
side  of  the  heading  and  preferably  just  behind  the  test  section  a 
"cubby-hole"  or  operating  room  should  be  dug  out  of  the  rib,  prin- 
cipally for  the  convenience  and  comfort  of  the  operator  or  operators. 
At  the  same  time,  however,  the  cubby-hole  not  only  shields  the  oper- 
ator and  makes  a  convenient  place  to  set  up  manometers,  but  also 
when  it  is  used  there  are  no  corrections  to  be  made  for  the  operator's 
body  and  no  eddy  currents  are  caused  by  him.  By  stretching  a 
series  of  strings  or  wires  from  floor  to  roof  and  from  rib  to  rib,  the 
test  section  may  be  divided  into  a  number  of  smaller  sections  of  equal, 
or  nearly  equal,  area.  The  number  of  these  smaller  sections  will  de- 
pend entirely  on  the  area  of  the  test  section.  It  is  advisable,  how- 
ever, to  have  the  small  sections  not  much  over  4  sq.  ft.  in  area  and 
less  if  possible.   The  smaller  the  sections  the  greater  is  the  accuracy. 

24  For  holding  the  Pitot  tube  we  built  a  telescoping  stand  of 
pipe  and  pipe  fittings  with  a  holding  block  that  could  be  raised  and 
lowered  or  clamped  rigidly  upon  either  part  of  the  standard.  We 
also  made  an  anemometer  holder  provided  with  a  spring  which  held 
the  anemometer  out  of  gear  until  a  string  attached  to  the  operating 
lever  was  pulled.  Upon  release  of  the  tension  on  this  string,  the  spring 
pulled  the  instrument  out  of  gear  again  and  stopped  its  registration. 
The  Pitot  tube  passed  through  the  holding  block  and  extended  a 
very  short  distance  beyond  the  anemometer.  It  will  thus  be  seen 
that  the  Pitot  tube  could  be  successively  placed  in  the  center  of  each 
of  the  small  sections  and  that  in  each  one  the  anemometer  was  imme- 
diately beside  it  and  subjected  as  nearly  as  possible  to  the  same  ve- 
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locity  of  air  as  the  Pitot  tube.  The  static  head  of  the  Pitot  tube  read- 
ings was  taken  direct  on  the  manometer  connected  to  it,  since  the 
whole  apparatus  was  inside  the  heading  in  which  measurements  were 
being  taken  and,  therefore,  subject  to  the  same  pressure.  Trial  was 
made  vnth  the  Gebhardt  No.  1  tube  (in  place  of  the  United  States 
No.  1  regularly  used)  to  ascertain  if  the  taking  of  the  static  head 
beside  the  velocity  head  or  in  the  cubby-hole  on  the  manometer 
made  any  difference  in  the  manometer  reading,  with  the  result  that 
the  readings  in  both  cases  were  the  same,  as  might  have  been 
expected.  We  also  checked  the  accuracy  of  both  instruments  with 
smoke  and  carbon  di-sulphide.  The  method  of  making  this  test 
was  as  follows: 

25  A  distance  of  200  ft.  was  measured  off  along  one  of  the  main 
haulage  roads  of  a  mine.  The  cross-section  of  this  headiixg  was  as 
nearly  uniform  as  a  mine  heading  in  this  kind  of  coal  (Pocahontas) 
can  well  be  and  the  floor  and  roof  were  free  of  obstructions  and  very 
even.  Midway  of  this  distance  and  opposite  a  safety  pocket,  a  bole 
excavated  in  the  rib  for  the  miners  to  stand  in  when  a  locomotive  or 
trip  is  passing,  the  stand  bearing  the  Pitot  tube  and  anemometer  was 
set  up  and  a  series  of  readings  taken  on  both  instruments.  One  ob- 
server then  stationed  himself  at  the  upper  end  of  the  200-ft.  distance 
and  another  at  the  lower  end.  The  former  was  provided  with  a 
revolver  and  blank  cartridges  loaded  with  black  powder  while  the 
latter  held  a  watch.  At  a  signal  from  the  man  at  the  lower  end,  the 
one  at  the  upper  end  of  the  trial  distance  fired  across  the  heading  and 
the  time  was  noted  when  the  odor  of  the  powder  reached  the  lower 
end;  The  smoke  was  entirely  dissipated  before  it  had  traveled  half 
the  distance.  As  a  check  on  the  above  method,  it  was  repeated,  ex- 
cept that  instead  of  using  the  revolver,  a  bottle  of  carbon  di-sulphide 
(CS2)  was  used.  This  was  not  as  satisfactory  as  the  former,  since  an 
appreciable  amount  of  time  was  lost  in  uncorking  the  bottle  and  throw- 
ing the  liquid  into  the  air.  However,  the  results  checked  fairly  close 
if  an  allowance  be  made  for  lost  time.  The  above  was  repeated  in  a 
heading  with  very  much  lower  velocity,  about  200  ft.,  and  the  Pitot 
tube  found  to  be  almost  worthless.  The  anemometer,  on  the  other 
hand,  gave  results  which  were  very  fairly  accurate. 

MEASURING   DISCHARGE   FROM   FAN   CHIMNEYS 

26  In  measuring  the  discharge  from  fan  chimneys  we  employed 
a  method  very  similar  to  that  used  in  mine  headings.     Instead  of  the 
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telescoping  stand,  however,  we  used  two  |-in.  pipes  extending  buu- 
versely  across  tlie  fan  ohiomey  and  held  firmly  at  each  end  with  a 
specially  foiled  clamp.  Up<Hi  these  pipes  or  guides  was  mounted  a 
runner  or  slide  arranged  to  hold  both  the  Rtot  tube  and  anemometer 
holder.  The  top  of  the  chimney  was  divided  into  a  given  number  d 
approximately  equal  areas  by  stretching  strings  or  wires  across  n 
both  directions,  as  shown  in  Fig.  12,  and  the  two  instrum^its  placed 
successively  in  each  of  the  areas.  It  will  be  observed  from  the  resuHi 
of  these  tests  shown  in  the  appendix,  that  the  velocity  in  these 
chimneys  is  always  greatest  on  the  tangent  side,  decreases  to  a  min- 
imum near  the  center  and  then  increases  on  the  front  side.    Trans- 


EgCAL  Areas 


versely,  the  velocity  of  air  seems  to  follow  no  Exed  law,  but  in  general 
seems  to  be  greater  in  the  outside  areas.  When  the  fan  is  delivering 
a  large  quantity  of  air  also,  the  velocity  near  the  center  of  the  chim- 
ney becomes  so  low  that  it  cannot  be  measured  with  the  Pitot  tube 
and  is  gusty  and  variable  in  its  nature,  the  anemometer  frequently 
baiting,  and  even  running  backward  for  some  seconds  at  a  time.  It 
should  be  stated  also,  that  all  the  tests  we  have  made  thus  far  are 
upon  fans  of  the  Clifford-Capel  type. 

27  In  all  of  the  tests  on  fans  shown  in  the  appendix,  a  differ- 
ential manometer  reading  to  l/IOO  in.  was  used.  This  instrument 
used  a  special  mineral  oil  as  a  working  fluid  but  the  angle  of  inclina- 
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tion  was  such  as  to  cause  it  to  read  correct  for  water.  Careful  com- 
parison with  a  direct-reading  water  manometer,  proved  that  this 
angle  was  the  proper  one  and  that  the  instrument  read  correctly. 

28  In  the  tests  on  headings  a  board  was  nailed  to  the  wall  of  the 
cubby-hole  and  the  manometer  screwed  to  it,  care  being  taken  that 
this  instrument  was  kept  perfectly  level.  In  taking  measurements 
on  the  fan  chimneys  a  board  was  fastened  to  the  side  of  the  chimney 
and  the  manometer  fastened  thereto  as  in  the  mine  headings. 

CONCLUSIONS 

29  From  our  experience  with  the  three  types  of  Pitot  tubes,  we 
would  draw  the  following  conclusions: 

a  The  Taylor  tube,  although  probably  very  accurate  and  ex- 
tremely sensitive  on  the  air  velocities  for  which  it  was 
designed,  say  up  to  3000  ft.  per  min.,  is  clumsy,  difficult 
of  manipulation,  fragile,  and  altogether  unsuited  to  high 
velocity  measurement. 

b  Tubes  of  the  Gebhardt  type  are  light,  compact,  very  port- 
able, convenient  and  easy  of  manipulation.  They  are 
very  accurate  when  used  on  velocities  up  to  say,  6000 
ft.  per  min.  Beyond  this  point  or  beyond  the  limits  of 
the  conmion  formula,  their  accuracy  is  somewhat  prob- 
lematical. 

c  The  United  States  No.  1  tube  is  less  convenient  and  portable 
than  the  Gebhardt.  It  is,  however,  much  simpler  in 
construction  and  will  stand  much  more  abuse.  It  does 
not  require  an3rwhere  near  as  much  care  in  manipulation 
as  either  of  the  other  two  types.  It  has  been  found  ac- 
curate on  air  velocities  as  low  as  600  ft.  per  min.  The 
upper  limit  of  its  accuracy  is  unknown  but  it  has  been 
successfully  used  on  velocities  exceeding  25,000  ft.  per  min. 

d  The  exact  formula,  as  explained  above,  is  much  more  accur- 
ate, especially  on  the  higher  velocities,  than  the  one  usually 
employed. 

e  Present  data  on  the  friction  of  air  in  pipes  are  largely  in 
error.  Our  tests  showed  for  the  length  and  size  of  pipe 
used  that  the  friction  of  the  air  was  just  about  one-half 
what  it  was  calculated  to  be.  Additional  accurate  data 
along  this  line  are  sadly  needed. 
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91.6  sq.  ft 

I4S5  ft  per  min. 

156129  cu.  ft  per  min. 


Figures  in  centers  show 
velocities  in  sections  deter- 
mined tfy  Pi  tot  Tube. 
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7/7/5  section  was 
stopped  up 

Area  inside  contour  -of  more  than  average  velocity   -  46.6  sg.  ft  '  51  % 
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Fig.  13    Section  and  Velocities  in  Airway,  Fan  Test  No.  9 


Area  of  section  "  Sl.dsg  ft 
Average  velocity  -  I77S  ft  per  mm. 
Quantity  of  air    -  163.345  cu.  ft  per  mm 


Figures  m  centers  of  sec- 
tions show  velocities  deter 
mined  by  Pilot  Tube 
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Arw  of  opening     -  IZB  9q.  ft.  Figures  in  center  of  section  show 

Average  velocity  "  2/iaft.permin  velocities  as  determined  ty  Pitot 

Quantity  of  air      '^  27/644  cu  ft.  per  mm.  tube 

•  No  reading  coula  be  mode,  on  account  of  eddies 
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PITOT  TUBE  ON  HIGH  AND  LOW  AJE  VELOCITIES 


TABLE  3    T£3TS  OF  BLOWER  WITH  Jt-IN.  PIPE  BLANKED 

No.  SWama,  UHiTii>S»rasCotLft  CoEC  CoKrjiHT.  ArUL  10.  1810 
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TABLE  4    TESTB  OF  BLOWER  FOR  LEAKAGE,  Ift-IN.  FIFE  OPEN,  OTHERS 
No.  t  WoHXi,  Uhitbd  State*  Coii.  A  Con  CoiOAitT,  Apbil  10, 1»10 

U.  S.  PiTOT  Tdu  No.  1  I  OmaatMoi  PirttC  Tdbi  No. 
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PITOT  TUBS  ON  HIQH  AND  LOW  AIB  V1ILOCITIS8 


TABLE  i    DATA  FOR  FAN  TEST  NO.  9 
No.  4  WoBXB,  Unitbd  Btatis  Coal  A  Cokb  CoiiPAirr,  Jahuabt  S8,  1911 


PiTOT    TUBK 

AMSi^oiccnni 

Section 
Number 

Area,  Sq.  Ft. 

Reading.  In. 
Water 

Velocity,  Ft. 
perMln. 

Quantity, 
Cu.Ft.per 

Mm. 

y^^u 

Quantity. 
Cu.Ft.per 

Mm. 

1 

4.06 

0.0447 

646 

8452 

1150 

4692 

2 

4.06 

0.1307 

1890 

6671 

1680 

6854 

8 

4.06 

0.0611 

906 

3692 

680 

8681 

4 

4  06 

0.0493 

889 

8627 

1190         ' 

485S 

6 

4.06 

0.0388 

786 

8207 

896 

3653 

6 

4.06 

0.0667 

1026 

4186 

1120 

4570 

7 

4.06 

0  0190 

562 

2250 

600 

2815 

8 

4.08 

0.0864 

660 

2862 

no 

8142 

9 

4.06 

0.1030 

1286 

5265 

1400 

5712 

10 

4.06 

0.0668 

946 

8856 

1170 

4774 

11 

4.06 

0.01S6 

[467 

1905  * 

840 

3427 

13 

4.06 

0.0414 

614 

8321 

1080 

4406 

13 

4.06 

0.1821 

1708 

6969 

1610 

n85 

14 

4.06 

0.0707 

1064 

4341 

1290 

5263 

15 

4  08 

0  0397 

l797 

3252 

1065 

4343 

10 

4.08 

0. 1257 

1419 

5790 

1780 

726? 

17 

4.08 

0.3787 

2446 

9960 

3100 

12643 

18 

4.08 

0.3686 

2429 

9910 

3060 

12566 

19 

4.08 

0.3118 

2235 

9119 

2780 

11342 

20 

4.08 

0.3630 

,         2413 

9845 

8090 

12007 

21 

4  08 

0.5743 

8033 

12375 

8760 

15341 

22 

4.08 

0.0321 

1         3182 

12983 

4005 

16708 

23 

4  08 

0.6543 

1         3237 

13207 

4050 

16534 

34 

4.08 

0.5984 

3096 

1         12632 

8765 

15361 

98.00 


1506 


153477 


1987 


189682 


Conditions:    Fan  on  mln«,  but  doors  at  back  of  fan  open,  allowinc  all  air  possible  to  enter  fan. 
Air:  Measured  at  top  of  chimney.  Begmnins 

Temperature  outside,  44  deg.  from  chimney 464  dex. 

Himiidity  outsldejl  per  cent  from  chimney. ...  72  per  cent 

Weight  of  air  per  cu.  ft..0.07621b 0.0758 

Average  weight  of  air  from  chimney,  0.0752  lb.  per  eu.  ft. 


finding 

Barometer  28.94 

53i  deg. 
58  per  cent 
0.0747 

r-4002   \/k 

FRANK  H.   KNBBLAND 
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TABLE  6    DATA  FOR  FAN  TEST  NO.  • 
No.  6  WoBSB,  Uhitbd  Statis  Coal  A  Cokb  Compamt,  Fbbbuabt  18,  1911 


Section 
Number 

PlTOT    TUBB 

Anbmombtbr 

Area,  8q.  Ft. 

Readlns,  In. 
Water 

Velocity,  Ft. 
per  MlQ. 

1606 

Quantity, 
Cu.  Ft.  per 

Mln. 

■ 

6266 

Velocity,  Ft. 
per  Mln. 

2213 

Quantity. 
Cu.  Ft.  per 
Mln. 

1 

8.40 

0.188 

7728 

2 

1.62 

0.286 

1966 

6920 

2476 

8712 

8 

8.66 

0.244 

2008 

7111 

2490 

8839 

4 

8.68 

0.106 

1796 

6340 

2486 

8772 

6 

8.44 

0.176 

1697 

•6888 

2608 

8628 

6 

8.60 

0.166 

1663 

6786 

2446 

8567 

7 

8.60 

0.205 

1886 

6426 

2408 

8407 

8 

8.86 

0.201 

1818 

6108 

2868 

7966 

9 

8.40 

0.111 

1361 

4608 

2846 

7978 

10 

8.60 

0.126 

1434 

6019 

2226 

7787 

11 

8.60 

0.187 

1601 

6268 

2260 

7910 

IS 

8.24 

0.149 

1666 

6074 

2366 

7630 

18 

8.88 

0.114 

1869 

4627 

2300 

7774 

U 

8.60 

0.176 

1697 

6989 

2488 

8638 

16 

8.60 

0.120 

1467 

6100 

2313 

8096 

16 

2.86 

0.182 

1474 

4216 

2207 

6312 

17 

8.88 

0.179 

1716 

6800 

2616 

8889 

18 

8.60 

0.189 

1763 

6170 

2464 

8624 

19 

8.60 

0.127 

1446 

6061 

2286 

8001 

20 

2.24 

0.071 

1061 

2421 

2066 

4636 

81 

8.40 

0.168 

1637 

6666 

2376 

8076 

82 

8.60 

0.127 

1446 

6061 

2226 

7788 

28 

8.60 

0.109 

1889 

4687 

2176 

7612 

84 

1.68 

0.049 

898 

1466 

1876 

8087 

26 

8.86 

0.018 

468 

1783 

1400 

6404 

26 

4.20 

819* 

8440 

1066 

4431 

27 

4.82 

0.064 

1176 

6060 

1926 

8316 

28 

•  •  •  • 

•  •  •  • 

•  •  •  ■ 

1488 

•  ■  ■  • 

•  •  •  • 

•  •  •  • 

91.70 

136129 

2226 

204361 

*  ATeiBCB  velocity  of  Nos.  26  and  27.    Could  not  obtain  readlnc  on  account  of  eddka. 

Conditions:  normal,  fan  on  mine.  Temperature,  outdde  67  deg.  fahr.  Temperature,  Inside  63i 
dec.  fahr.;  humidity,  outside  88  per  cent,  inside  100  per  cent;  barometer,  28.46,  weight  of  Inside  air 
per  cu.  ft.  0.0732  lb.,  for  Pltot  tube  V  -  4066  ]/h. 

Measurement  made  In  airway  leading  to  fan  section  was  divided  by  strings  Into  approximately 
equal  parts.    Section  No.  28  was  stopped  up,  as  It  was  very  small  and  at  the  bottom. 

Readings  taken  by  Pltot  tube  and  anemometer  held  In  center  of  each  lectlon  by  a  stand.  Readings 
taken  for  period  of  one  minute  In  each  position.  Could  ^t  no  reading  by  tube  In  section  No.  26, 
evidently  on  account  of  eddy  currents;  velocity  given  Is  average  of  those  In  the  two  adjoining  sections. 
Fkn  running  exhausting.  Airway  makes  a  slight  turn  a  short  distance  beyond  the  section,  causing 
f  looltles  to  be  higher  on  one  tide  than  on  the  other. 


1164 


PITOT  TUBE  ON  HIOH  AND  LOW  AIB  VELOCITrBS 


TABLE  7    DATA  FOR  FAN  TEST  NO.  10 
No.  6  WoBXB,  Umitbd  States  Coal  A  Coxx  Compamt  ,  FxBxaAxr  18.  191! 


1 

PiTOT  TUBX 

Anemomcteb 

Sectloa 
Number 

Area,  Sq.  Ft. 

Reading.  In. 
Wifter 

Velocity.  Ft. 
perMln 

1  Quantity. 
Cu.  Ft.  per 
Mtn. 

Velocity,  Ft. 
per  Mln. 

Quantity. 
Cu.  Ft.  per 
Mln. 

1 

3.49 

0.259 

2084 

7203 

2940 

10281 

2 

8.62 

0.298 

2207 

'           7789 

3082 

10649 

3 

3.55 

0.198 

1805 

8409 

9684 

9528 

4 

8.58 

0.273 

2119 

7480 

8160 

11155 

6 

8.44 

0.281 

9072 

7128 

9680 

9219 

8 

8.50 

0.227 

1982 

8788 

9580 

9010 

7 

8.50 

0.259 

2084 

7924 

9885 

9222 

8 

8.80 

0.245 

9006 

8747 

9746 

9223 

9 

8.40 

0.198 

1798 

1           8108 

9830 

7929 

10 

8.60 

0.197 

imo 

8300 

9486 

8827 

11 

8.50 

0.200 

1854 

8489 

9460 

8685 

12 

3.24 

0.216 

1885 

8107 

9490 

8068 

13 

3.38 

0.204 

1832 

1           8192 

9706 

9143 

14 

3.50 

0.244 

2004 

7014 

9786 

8677 

15 

3.50 

0.204 

1832 

8412 

2490 

8715 

18 

2.88 

0.180 

1721 

4922 

9856 

8735 

17 

3.88 

0.267 

2098 

7084 

2880 

8991 

18 

3.50 

0.231 

1949 

'           8821 

2586 

8977 

10 

3.50 

0  177 

1708 

5971 

2480 

8505 

20 

2.24 

0.123 

1422 

3185 

9Stt 

6248 

21 

3.40 

0  241 

1991 

8769 

9829 

8939 

22 

3.50 

0.194 

1788 

8251 

9466 

8592 

23 

3.50 

0.162 

1833 

5715 

9400 

8400 

24 

1.82 

0.095 

1250 

2025 

9110 

3418 

25 

3.88 

0.038       ' 

770 

2972 

9000 

7720 

28 

4.20 

1080 

4452 

1876 

7015 

27 

4.32 

0.111       I 

1351 

6838 

2945 

9696 

91.79 


1778 


183345 


2521 


231463 


Conditions:  fan  on  mlne-doors  on  main  heading  between  1st  and  2d  return  and  on  1st  returo 
open,  allowinc  air  to  short  circuit  through  mine.  Temperature  Inside  53|  deg.  fahr.;  humtdttj. 
Inside  100  per  cent;  barometer  2S.41;  for  Pitot  tube  V  -  4068  \/k7 

Same  condlttons  of  measurement  as  test  No.  9. 


FRANK  H.   KNEELAND 
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TABLE  8    DATA  FOR  FAN  TEST  NO.  11 
No.  6  WoBKa,  Unttbd  Statks  Coal  A  Cokb  Coiipakt,  FsBRaART  18,  1911 


Section 
Number 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

18 

17 

18 

19 

20 

21 

22 

28 

24 

26 

2ft 

27 

28 

29 

30 

31 

32 


Area,  Sq.  Ft. 


Reading.  In. 
Water 


4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 

128.0 


PiTOT  TUBK 


Velocity,  Ft. 
per  Mln. 


Anbmombtsr 


Quantity.         v«lori»v  Vt    Quantity, 
Cu.  Ft.  per ,  ^!jSJ*i}^,-„  *'      Cu.  Ft.  per 
Mm.  1     P«'  ¥*"•      I     Mtn. 


0.752 
0.757 
0.755 
0.761 
0.754 
0.709 
0.709 
0.787 
0.746 
0.344 
0.292 
0.618 
0.474 
0.169 
0  189 
0.404 
0.126 
0.072 
0.128 
0.244 


0.134 
0.114 

0.027 
0.214 
0.104 
0069 
0.226 
0.346 
0.206 


3517 

14068 

5414 

3529 

14116 

3920 

3524 

14096 

3696 

3538 

14152 

4140 

3522 

14068 

8564 

3416 

13660 

8058 

3415 

13660 

3132 

3482 

18928 

3374 

3508 

14012 

3392 

2379 

0516 

2468 

2192 

8768 

2636 

3189 

12756 

3324 

2792 

11168 

2890 

1667 

6668 

2090 

1763 

7052 

2060 

2578 

10312 

2816 

1434 

5736 

1560 

1088 

4352 

1540 

1461 

5804 

1920 

2004 


8016 

2060 
478 
760 

1486 

5940 

1770 

1369 

5476 

1630 

•  •  •  • 

310 

666 

2664 

830 

1876 

7504 

1960 

1308 

5232 

1670 

1066    1 

4260 

1250 

1924 

7606 

2070 

2386 

9644 

2450 

1850 

7400 

2000 

2122 


271644 


21656 

16680 

14784 

16560 

14256 

12282 

12528 

13496 

13568 

9872 

10144 

13296 

11560 

8360 

8240 

11264 

6240 

6160 

7680 

8240 

1904 

3040 

7080 

6520 

1240 

3820 

7840 

6280 

5000 

8280 

0800 

8000 

304120 


Conditions :  doors  to  fan  and  doors  Inside  mine  all  open,  allowinc  all  air  possible  to  reach  fan.  Air 
measured  at  top  of  chimney.  Temperature,  53|  deg.  fahr.;  humidity,  100  j^et  cent;  barometer,  28.46; 
for  Pltoi  tube,  V  -  4056  ^/h. 

Measurement  made  on  top  of  chimney  of  fan..  Area  was  divided  by  strings  into  32  equal  parts  and 
readings  were  taken  in  center  of  each  section  for  periods  of  30  seconds.  Both  anemometer  and  tube 
were  held  in  plane  of  top  of  chimney.  Pltot  tube  readings  could  not  be  obtained  in  sections  Noa. 
21, 22  and  26,  on  account  of  eddies.  These  were  very  noticeable,  as  the  anemometer  in  the  same  sec- 
tions would  stop,  reverse  Itself,  stop,  run  properly,  etc. 


DISCUSSION 

G.  F.  Gebhardt^  (written).  In  Par.  296  Mr.  Kneeland  states 
that  tubes  of  the  Gebhardt  type  are  very  accurate  up  to  velocities 
of  6000  tt.  per  min.,  and  beyond  this  their  accuracy  is  somewhat 
problematical. 

Since  the  Grebhardt  tubes  purchased  by  Mr.  Kneeland  were  oot 
calibrated  for  velocities  above  8000  ft.  per  min.,  the  writer  is  obliged 
to  base  the  performance  of  these  instruments  for  higher  velocities 
upon  Mr.  Kneeland's  own  figures. 

According  to  the  data  in  Tables  2  and  4,  the  average  velocity  for 
the  Gebhardt  tube  is  about  8/10  of  1  per  cent  higher  than  that  for 
the  United  States  tube  at  a  velocity  of  approximately  14,000  ft 
per  min.,  and  about  2.8  per  cent  higher  at  a  velocity  of  19,500  ft. 
per  mm.  This  variation  is  extremely  small  w^hen  we  consider  that 
the  average  velocities  are  based  on  readings  taken  at  only  five  points 
in  a  16-in.  pipe.  ^ 

It  is  to  be  regretted  that  Mr.  Kneeland^did  not  make  complete 
traverses  of  the  pipe  and  take  readings  at  more  points  along  the  line 
of  traverse.  Calculations  based  upon  a  few  observations  on  one  side 
of  a  pipe  are  apt  to  lead  to  erroneous  conclusions. 

The  velocity  curves  for  the  United  States  tubes  in  Figs.  7,  8  and  9, 
differ  greatly  from  the  usual  characteristics  for  the  flow  of  air  in  pipes. 
Curves  plotted  from  a  large  number  of  scattering  tests  are  in  accord 
with  the  characteristic  of  the  Gebhardt  tube  as  shown  in  these  figures. 

The  method  of  calculating  the  average  velocity  as  described  in 
Par.  11,  necessitates  dividing  the  cross-section  of  the  pipe  into  a 
number  of  annular  rings  of  equal  areas.  The  opening  of  the  dynamic 
tube  is  placed  at  the  middle  of  the  annular  ring  and  the  velocity 
irulicated  by  the  tube  is  assumed  to  be  uniform  over  the  entire  area 
of  the  ring. 

A  more  accurate  method  and  one  which  makes  it  unnecessar}^  to 
place  the  dynamic  nozzle  at  a  predetermined  point  in  the  pipe  is 
d('scri])ecl  by  R.  Burnham,^  and  by  Prof.  Carl  C.  Thomas.' 

^  Prof.  Mechanical  Engrg.,  Armour  Inst,  of  Tech.,  Chicago,  111. 

^  Engineering  News,  December  21,  1905,  p.  660.  ♦ 

^  Journal,  Franklin  Institute,  November  1911,  p.  411. 
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The  curves  in  Fig.  17  are  plotted  accordiDg  to  the  Bumhaiu  method 
from  the  data  ^ven  in  Table  2  of  the  present  paper.  It  will  be  noted 
that  the  mean  velocity  for  the  Gebhardt  tube  is  18,750  ft.  per  min., 
and  for  the  United  States  tube  18,550  ft.  per  min.,  a  difference  of 
about  1  per  cent,  as  against  2.8  per  cent  by  the  annular  ring  method. 
Furtho-  experiment  is  necessary  to  prove  conclusively  whether  this 
discrepancy  is  due  to  the  difference  in  indications  of  the  instruments 
<xc  to  the  error  in  basing  the  mean  velocity  upon  a  few  readings  at 
widely  separated  points. 

The  writer  wishes  to  state  that  the  so-called  Gebhardt  tube  origin- 
ated with  R.  Bumham,  former  professor  of  experimental  engineering 
at  Armour  Institute  of  Technology, 
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K.  C.  Carpenter  said  that  during  the  last  eight  or  ten  years 
the  Pitot  tube  had  probably  been  studied  more  in  connection  with 
en^neering  work  than  any  other  measuring  instrument.  As  far 
back  as  1884  he  remembered  a  German  article  which  pointed  out  the 
fact  that  the  results  obtained  by  the  Pitot  tube  for  measurmg  air 
were  much  more  reliable  than  those  obtained  generally  by  an  ane- 
mometer.    The  popularity  and  accuracy  of  the  tube  is  increasing. 

Some  difficulty  has  been  found  m  using  tubes  of  different  kinds  for 
measuring  static  pressure.  Tubes  of  almost  all  sorts,  so  far  as  the 
impact  and  nozzle  end  are  concerned  have  been  tried;  practically 
the  same  results  as  to  impact  head  have  been  obtained  with  vari- 
ous forms  of  tubes.  A  plain  tube  with  an  opening  on  one  side  is 
quite  accurate  for  giving  the  impact  head  and  for  most  purposes, 
and  on  account  of  its  convenience  is  much  to  be  preferred  over  other 
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types.  A  tube  2/16  in.  in  diameter  is  as  good  as  a  tube  ^  in.  in 
diameter,  as  to  results. 

There  is  more  difficulty,  however,  in  measuring  static  pressure. 
For  this  purpose  the  Taylor  tube  is  provided  with  a  round  cham- 
ber in  which  slots  are  cut,  which  surrounds  the  impact  tube.  It  is  an 
awkward  tube  to  use,  although  it  is  considered  accurate  for  static 
pressure,  and  yet  he  was  quite  positive  that  in  a  great  many 
cases  it  fails  to  give  the  correct  static  pressure.  The  problem  of 
getting  impact  pressures  with  the  Pitot  tube  may  be  considered  as 
practically  solved,  and  essentially  the  same  results  may  be  obtained 
with  almost  any  form  of  tube.  This  is  far  from  being  the  case  in 
getting  static  pressure. 

For  securing  static  pressures  he  favored  the  use  of  a  large  tube 
placed  in  the  wall  itself,  and  protected  with  baffle  plates  from  any 
cross-current,  since  he  felt  that  this  was  more  reliable  than  any  tube 
placed  where  it  was  likely  to  be  hit  by  an  eddy-current  in  the  pipe. 

W.  H.  Carrier  thought  that  a  few  more  data  should  be  given 
with  reference  to  the  amount  of  air  handled  by  the  rotary  blower, 
and  as  to  how  the  amount  of  air  was  determined.  He  did  not  under- 
stand whether  it  was  the  capacity  measured  at  atmospheric  pres- 
sure that  was  given  or  volume  under  the  vacuum  shown  in  the  test. 
Apparently  it  is  the  volume  imder  vacuum  that  is  given,  but  this 
is  not  specifically  stated.  In  order  to  accept  these  results  sufficient 
data  should  be  given  so  that  the  reader  might  draw  his  own  con- 
chisions. 

D.  W.  Taylor^  (written).  The  experimental  results  given  by 
Mr.  Kneeland  cannot  be  regarded  as  acceptable  to  those  who,  like 
myself,  are  firm  believers  in  the  accuracy  of  Pitot  tube  methods, 
provided  proper  Pitot  tubes  are  used.  The  results  are  so  discordant 
that  we  must  conclude  either  that  Pitot  tube  methods  are  unre- 
liable or  that  under  the  circumstances  of  use  some  of  the  Pitot  tubes 
wore  inaccurate.     I  believe  the  latter  conclusion  is  the  correct  one. 

There  is  only  one  real  problem  to  be  solved  in  designing  an  accurate 
pitot  tube.  As  regards  the  impact  end,  or  dynamic  nozzle  as  the 
author  calls  it,  there  is  no  difficulty  at  all.  It  is  now  well  known  that 
c'llniost  any  tube  placed  ^\^th  its  axis  parallel  to  the  flow  of  a  fluid, 
so  that  tlie  fluid  is  brought  to  rest  in  front  of  the  opening  will  accu- 

»  Naval  roristructor,  U.S.N.,  Wasliington,  D.  C. 
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rately  transmit  the  dynamic  head.  When  we  come  bo  the  static  side, 
however,  the  problem  is  entirely  different.  We  wish  to  determine 
the  pressure  in  the  moving,  fluid  without  changing  the  pressure  or 
velocity  of  the  latter.  At  the  same  time  the  fluid  in  the  pipe  leading 
from  the  static  nozzle  is  necessarily  at  rest,  so  the  problem  is  to  trans- 
mit  accurately  the  pressure  in  the  moving  fluid  to  the  fluid  at  rest 
without  changing  the  velocity  or  pressure  of  the  latter. 

To  accomplish  this  we  must  avoid  openings  so  arranged  that  there 
is  an  impact  action  which  would  make  the  static  pressure  greater 
than  the  true  pressure  in  the  moving  fluid;  and,  on  the  other  hand, 
we  must  avoid  designs  by  which  there  is  an  aspiration  effect  around 
the  static  nozzle,  otherwise  the  velocity  and  pressure  of  the  moving 
fluid  at  the  static  nozzle  are  materially  changed  by  the  disturbance 
caused  by  the  pitot  tube  itself. 

It  is  true  that  in  the  Gebhardt  tube  the  static  opening  is  purposely 
and  very  ingeniously  arranged  so  that  there  is  a  certain  amount  of 
impact  pressure  intended  to  neutralize  the  aspiration  effect.  It 
seems  very  probable,  however,  that  the  angle  of  bevel  of  the  static 
nozzle  by  which  this  result  is  accomplished  would  vary  with  the 
velocity  and  with  the  fluid.  My  understanding  is  that  this  tube  was 
put  out  by  Professor  Gebhardt  for  use  in  steam  after  careful  scien- 
tific investigations  of  its  accuracy  for  this  use.  It  is  evident  that 
a  fluid  such  as  air  imder  a  pressure  of  14  or  15  lb.  to  the  sq.  in.  would 
act  differently  with  respect  to  the  static  opening  from  a  fluid  such  as 
steam  under  a  pressure  of  100  lb.  or  so  to  the  sq.  in.  The  trans-, 
mission  of  pressure  into  the  static  opening  must  be  effected  by  the 
specific  gravity  and  head  of  the  moving  fluid. 

It  is  not  at  all  clear  to  me  from  Fig.  5  just  how  the  static  nozzle 
B  of  the  United  States  tube  is  constructed,  or  more  particularly, 
just  how  the  air  would  pass  across  the  opening,  but  if  this  nozzle 
were  secured  into  the  wall  of  a  pipe  without  projecting  inside,  it 
does  not  seem  to  me  that  there  would  be  necessity  for  any  partic- 
ular type  of  nozzle.  The  hole  through  the  wall  of  the  pipe  would  act 
as  the  nozzle. 

The  author  appears  to  have  had  difficulty  in  handling  the  Pitot 
tube  such  as  we  have  used  in  testing  ventilating  fans,  but  as  he  points 
out,  this  tube  was  never  intended  for  high  velocities.  Still,  it  seems 
to  me  that  the  use  for  high  velocities  is  entirely  a  question  of  the 
supports  which  have  little  or  no  influence  upon  the  accuracy  of  the 
tube. 

Apparently  the  author  attempted  to  apply  the  principles  of  this 
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design  to  more  substantial  tubes  which  were  made  larger.  For  high 
velocity  work  my  tendency  would  be  to  make  the  tube  distinctly 
smaller. 

With  reference  to  the  accuracy  of  the  several  types  of  tubes  I  have 
already  pointed  out  that  this  is  in  substance  entirely  a  question  of 
the  accuracy  of  the  static  nozzle.  In  Tables  2,  3  and  4  the  agree- 
ment on  the  impact  side  of  the  several  types  of  tubes  is  fairly  good; 
the  discrepancies  come  on  the  static  side. 

In  this  connection  I  may  quote  some  remarks  I  made  in  1905 
before  the  Society  of  Naval  Architects  and  Marine  Engineers  upon 
the  subject  of  the  type  of  tube  used  for  experiments  with  the  venti- 
lating fans  and  pipes.^ 

I  very  early  satisfied  myself  by  a  simple  experiment  that  this  type  of  tube 
would  record  the  side  pressure  accurately.  A  strong  blast  of  air  was  forced 
through  a  9-in.  pipe  from  a  fan,  and  the  Pilot  tube  arranged  so  it  could  be 
moved  back  and  forth  lengthwise  in  the  center  of  the  jet  from  the  pipe,  readings 
being  taken  of  the  pressure  recorded  through  the  side  opening.  Wlien  the  tube 
was  very  close  to  the  mouth  of  the  pipe  an  appreciable  pressure  above  that  of 
the  atmosphere  was  shown,  as  was  to  be  expected.  As  the  tube  was  moved 
back  from  the  mouth  of  the  pipe,  although  still  in  a  very  strong  and  well-defined 
jet  of  air,  the  pressure  fell  off  until  it  exceeded  the  atmospheric  pressure  by 
a  very  small  amount  only.  Now,  it  was  evident  that  in  the  center  of  such  a 
jet  the  pressure  at  the  mouth  of  the  pipe  must  be  appreciably  above  that  of 
the  atmosphere,  but  at  a  comparatively  short  distance  beyond  the  mouth  of 
the  pipe  the  pressure  in  the  center  of  the  jet  must  fall  very  nearly  to  that  of 
the  undisturbed  atmosph  re  although  it  probably  never  quite  reaches  it.  If 
•  the  Pitot  tube  had  been  in  error,  as  used  to  be  supposed,  the  pressure  recorded 
in  the  center  of  the  free  jet  would  have  been  materially  below  that  of  the 
atmosphere,  while  as  a  matter  of  fact  it  never  quite  reached  the  atmospheric 
pressure,  agreeing  entirely  with  theory. 

Since  this  was  written  I  have  learned  of  a  number  of  instances 
where  the  type  of  tube  referred  to  gave  results  that  were  practically 
exact.  A  very  recent  one  was  in  a  paper^  by  Prof.  Carl  C.  Tliomas. 
describing  certain  experiments  made  at  the  University  of  Wisconsin. 

The  quantity  of  air  passing  through  a  16-in.  pipe  was  measured 
simultaneously  by  three  different  methods,  namely:  a  pitot  tube 
substantially  identical  with  the  Taylor  type  as  described  by  Mr. 
Kneel  and;  an  electric  meter  apparatus  recently  brought  out  by  Pro- 
fessor Thomas  which  is  exceedingly  accurate;  and  a  venturi  meter 
whose  accuracy  is  well  known.     The  three  methods  gave  substan- 

n>an8.  Soc.  Naval  Arch.  &  Marine  Engrs.,  vol.  13,  p.  11. 
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tially  identical  results,  the  velocities  being;  however,  not  over  5000 
or  6000  ft.  per  min. 

In  Fig.  8,  Mr.  Kneeland  gives  velocities  across  a  16-in.  pipe  deter- 
mined by  two  types  of  tubes  and  also  velocity  by  blower.  It  appears 
from  the  text  that  for  determining  the  velocity  by  blower  he  used 
the  curve  given  in  Fig.  3. 

I  think  some  additional  information  is  needed  in  this  connection. 
The  blower  when  working  imder  no  pressure  is  stated  to  displace 
300  cu.  ft.  per  revolution.  Fig.  3  shows  that  when  working  with 
an  8  in.  vacuum  it  would  displace  260  cu.  ft.  per  revolution.  Appar- 
ently, the  260  cu.  ft.  refers  to  free  air,  not  the  displacement  of  actual 
rarefied  air. 

If  we  take  the  ordinary  barometer  at  30  in.  and  assume  that  there 
is  8  in.  of  vacuum  on  each  side  of  the  Root  blower  it  would  presumably 
displace  300  cu.  ft.  of  this  rarefied  air  per  revolution,  equivalent  to 
220  cu.  ft.  of  free  air  at  30-in.  pressure.  If  this  is  the  case  it  is  difficult 
to  understand  how  this  blower  drawing  against  an  8-in.  vacuum  and 
discharging  against  the  pressure  of  the  air  could  possibly  displace 
a  quantity  of  air  per  revolution  equivalent  to  260  cu.  ft.  of  free  air. 
Presumably  the  displacement  would  be  something  materially  less 
than  220  cu.  ft.  Possibly  Fig.  3  is  intended  to  refer  to  rarefied  air 
and  I  am  in  error  in  understanding  the  text  otherwise. 

It  will  be  observed  in  Fig.  8  that  a  comparatively  small  reduction 
in  the  velocity  as  estimated  from  the  blower  would  cause  a  close 
agreement  between  the  blower  velocity  and  that  obtained  by  the 
Taylor  No.  1  tube. 

I  am  inclined  to  think  that  there  was  some  aspiration  effect  in  the 
other  types  of  tubes  used  tending  to  lower  the  static  pressures  required 
and  causing  the  apparent  velocities  to  be  too  great.  The  results 
given  in  Fig.  11  rather  confirm  me  in  this  view.  The  loss  of  pressure 
due  to  friction  is  just  about  50  per  cent  of  that  given  in  Sturtevant's 
tables,  which,  of  course,  apply  to  sheet-iron  pipes  such  as  are  used 
in  ventilation. 

In  experiments  made  some  years  ago  and  described  fully  in  a  paper^ 
before  the  Society  of  Naval  Architects  and  Marine  Engineers  I 
carefully  investigated  the  frictional  resistance  of  sheet-iron  pipes 
ranging  in  diameter  from  6  in.  to  27  in.  and  found  that  in  the  best 
cases  the  loss  due  to  friction  might  be  only  some  80  per  cent  of  that 
given  by  Sturtevant. 

'Trans.  Soc.  Naval  Arch.  &  Marine  Engrs.,  vol.  13,  p.  9. 
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I  am  very  skeptical,  however,  of  the  possibility  of  pipes  smooth 
enough  to  reduce  the  friction  to  but  50  per  cent  of  that  given  by 
Sturtevant  and  am  inclined  to  think  that  such  results  were  obtained 
by  overestimating  the  velocity  in  the  pipes. 

We  have  had  a  great  deal  of  experience  in  the  Navy  with  venti- 
lation systems  since  1905  and  certainly  have  no  reason  to  think  that 
the  coefficients  of  friction  given  then  were  too  large. 

The  Author.  In  reply  to  Mr.  Gebhardt's  criticism,  we  began 
our  tests  by  taking  several  points  of  observation  along  one  axis  and 
an  equal  number  along  the  axis  at  right  angles  to  the  first.  The 
number  of  observation  points  was  then  gradually  decreased  to  five 
along  one  radius,  without  changing  the  result  noticeably.  The  last 
number  was  then  adopted  as  our  standard. 

Both  Mr.  Carrier  and  Captain  Taylor  question  the  accuracy  of 
Fig.  3.  The  name  of  this  curve  was,  perhaps,  unfortxmate,  as  it 
shows  rather  the  leakage  of  the  blower  than  its  capacity. 

In  reply  to  Captain  Taylor's  criticism  it  would  appear  to  the  writer 
that  the  accuracy  of  the  static  nozzle  of  the  Taylor  tube  depends 
entirely  upon  the  air  passing  along  the  side  of  the  tube  and  across 
the  static  opening,  exactly  parallel  to  the  axis  of  the  tube.  It  would 
seem  reasonable  to  suppose  that  the  disturbance  created  in  the  air 
by  any  Pitot  tube  would  be  exactly  analogous  and  similar  to  the 
disturbance  created  in  the  water  by  a  moving  boat,  or  other  object. 
It  is  well-known  that  the  amount  of  these  disturbances  is  dependent 
both  upon  the  shape  or  ''lines"  of  a  boat,  and  its  velocity.  A  vessel 
which  at  a  speed  of,  say  5  knots,  will  create  Uttle  or  no  disturbance, 
may  create  a  very  large  disturbance  at,  say  15  to  20  knots.  It  would 
seem  altogether  probable,  therefore,  that  to  secure  accurate  results 
with  Pitot  tubes  of  the  Taylor  type  at  high  velocity,  the  "bow"  or 
nose  of  the  tube  must  be  so  designed  that,  at  the  velocity  to  be  meas- 
ured, the  air  will  pass  dowTi  the  length  of  the  tube  and  across  the 
static  opening:,  exactly  parallel  to  the  axis,  remaining  meanwhile  at  con- 
stant, or  very  nearly  constant  density  throughout  its  passage.  That 
this  was  the  case  with  tubes  used  in  our  experiments,  which  were 
the  identical  tubes  loaned  us  by  Captain  Taylor,  the  writer  is  very 
much  incHned  to  doubt. 

Captain  Taylor  makes  reference  to  the  results  obtained  in  certain 
experiments  at  the  University  of  Wisconsin  by  Prof.  Carl  C.  Thomas. 
An  inspection  of  the  drawing  of  the  Pitot  tube  used  by  Professor 
Thomas  shows  clearly  tluit  its  dynamic  nozzle  was  decidedly  longer 
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and  more  slender  than  the  same  part  of  the  tube  used  by  us.  In 
other  words,  the  tube  used  by  Professor  Thomas  had  decidedly  finer 
bow  Imes,  and,  therefore,  created  much  less  of  a  disturbance  in  the 
air  along  the  cylindrical  sides  of  the  tube  than  did  those  used  in  the 
experiments  above  described.  Furthermore,  as  Captain  Taylor  ad- 
mits, the  velocities  employed  were  only  5000  to  6000  ft.  per  minute, 
while  we  were  dealing  with  velocities  as  high  as  20,000  to  25,000  ft. 
per  minute,  and,  in  some  cases,  even  higher. 

In  considering  the  results  obtained  on  the  friction  of  air  in  the 
pipe  line  it  should  be  borne  in  mind  that  these  were  the  actual  figiu'es 
obtained  on  tests  of  a  24-in.  pipe  line  over  1100  ft.  long.  That  these 
results  should  be  at  variance  with  friction  losses  calculated  from 
observations  taken  on  smaller  diameters  or  short  lengths  of  pipe,  is 
not  in  the  least  surprising. 
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NECROLOGY 

MORRIS  LAN  DA  ABRAHAMS 

Morris  Landa  Abrahams  died  on  March  28,  1911;  at  San  Antonio, 
Texas.  Mr.  Abrahams  was  bom  on  March  21,  1885,  at  Austin, 
Texas,  and  after  a  preparatory  education  at  the  Hogsett  Military 
Academy,  Danville,  Ky.,  and  the  Agricultural  and  Mechanical  Col- 
lege of  Texas,  entered  Cornell  University,  from  which  he  was  gradu- 
ated in  1905  with  the  degree  of  M.  E.  Previous  to  his  matriculation 
at  Cornell  he  had  acquired  practical  experience  with  the  Deming 
Company,  Salem,  Ohio,  in  their  drafting  room,  and  with  the  Dean 
Brothers  Steam  Pump  Works,  Indianapolis,  Ind.,  as  assistant  to 
the  foreman  of  the  testing  floor.  In  1907  he  entered  the  employ  of 
Walter  S.  Timmis,  consulting  engineer.  New  York  City,  where  he 
engaged  in  power  plant  design,  printing  plant  layouts,  the  develop- 
ment of  a  patent  elevator  safety  device,  heating  and  ventilation,  and 
other  similar  phases  of  mechanical  engineering.  Later  in  the  same 
year  he  left  Mr.  Timmis  to  become  a  member  of  the  engineering  force 
of  the  Victor  Talking  Machine  Company  in  Camden,  N.  J.  In  1910 
he  entered  the  service  of  the  Government  as  assistant  chief  inspector 
attached  to  the  Canal  Conmiission,  with  headquarters  at  Washing- 
ton, and  retained  this  position  until  shortly  before  his  death,  when 
illness  obliged  him  to  resign  his  duties. 

LOUIS  R.  ALBERQER 

Louis  R.  Alberger  was  bom  April  10,  1864,  at  Buffalo,  N.  Y.,  and 
was  educated  at  the  public  schools  of  that  city.  He  studied  engi- 
neering chemistry  at  the  Scheffield  Scientific  School,  Yale  University, 
and  later  joined  his  father  in  the  firm  of  Alberger  and  Salt,  builders 
of  salt-making  apparatus  in  which  the  vacuimi  system  was  incor- 
porated. This  brought  him  into  close  contact  with  the  subject' which 
he  made  his  life  study,  and  after  superintending  for  thirteen  years 
the  condensing  department  of  Henry  R.  WorthingtoA,  he  incorporated 
the  Alberger  Condenser  Company,  in  1901,  and  later  the  Alberger 
Pump  Company,  and  acquired  the  controlling  interest  in  the  New- 
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burgh  Ice  Machine  and  Engine  Company,  Newburgh,  N.  Y.  At  the 
time  of  his  death  he  was  president  of  the  Alberger  Condenser  CJompany. 
Mr.  Alberger  was  a  member  of  the  American  Institute  of  Mining 
Engineers,  the  National  Electric  light  Association,  the  American 
Association  for  the  Advancement  of  Science,  Verein  deutscber 
Ingenieure,  and  of  a  number  of  social  and  athletic  organizations. 
He  died  in  New  York,  January  31, 1911. 

PAUL  RAYMOND  BROOKS 

Paul  Raymond  Brooks  was  bom  in  Chicago,  HI.,  August  17,  1877, 
and  was  educated  at  the  Chicago  Manual  Training  School  and  the 
Massachusetts  Institute  of  Technology,  from  which  he  was  graduated 
with  the  degree  of  B.S.  in  1900.  Following  his  graduation  he  entered 
the  employ  of  the  Chicago,  Burlington  &  Quincy  Railroad,  where  he 
began  in  the  locomotive  shop  as  an  apprentice  and  worked  his  way 
through  successive  promotions  to  the  position  of  acting  foreman  of 
the  Burlington  roundhouse  of  the  company.  In  1904  he  became 
Western  mechanical  editor  for  the  McGraw  Publishing  Company, 
New  York.  The  following  year  he  became  a  sales  engineer  for  the 
Railway  Appliances  Company  and  the  Otto  Gas  Engine  Works, 
and  in  1908  general  sales  manager  for  the  Machine  Sales  Company.. 
Peabody,  Mass.  In  1909  he  associated  himself  with  the  Union  Bag 
&  Paper  Company,  Sandy  Hill,  N.  Y.,  as  mechanical  engineer,  and 
at  the  time  of  his  death  on  March  11,  1911,  was  president  and 
superintendent  of  the  Del  Monte  Irrigation  Company,  Texas. 

During  his  whole  life  Mr.  Brooks  took  an  active  interest  in  the 
work  of  the  Naval  Reserves,  and  some  time  before  his  death  had 
obtained  first-class  Government  papers  entitling  him  to  serve  as 
chief  engineer  on  vessels  of  any  tonnage  dining  time  of  war. 

ALEXANDER  E.  BROWN 

Alexander  E.Brown  was  bom  in  Cleveland,  December  14,  1852,  and 
was  educated  at  grammar  and  high  schools  there.  He  was  graduated 
from  the  Brooklyn  Polytechnic  Institute  in  1872  as  a  civil  engineer. 
Immediately  after  graduation  Mr.  Brown  joined  the  U.  S.  Geological 
Survey  under  F.  P.  Haven.  Until  November  1872  he  was  engaged 
in  the  exploration  and  location  of  the  Yellowstone  National  Park. 
During  the  next  two  years  he  served  as  chief  engineer  of  the  Mas- 
sillon  Iron  Bridge  Company,  Massillon,  O.,  where  he  obtained  his 
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first  real  experience  in  the  iron  business.  From  1875  to  1879  he  was 
engaged  in  bridge  and  building  construction  as  engineer,  designer 
and  contractor.  He  later  acted  as  superintendent  at  iron  mines  in 
the  Lake  Superior  iron  region  and  gained  experience  also  in  blast 
furnace  work.  In  1875  he  invented  and  patented  new  machines  and 
processes  for  annealing  malleable  iron  castings,  which  are  still  in  use 
at  the  National  Malleable  Iron  Castings  Company.  In  1878  Mr. 
Brown  became  mechanical  engineer  for  the  Brush  Electric  Company 
then  known  as  the  Cleveland  Electric  Supply  Company.  While 
with  this  concern  he  developed  the  process  and  method  of  manufac- 
turing light  carbons.  Still  later  he  worked  with  Chas.  F.  Brush  in 
developing  and  placing  on  the  market  the  Brush  arc  lighting  system. 
In  1879,  Mr.  Brown  took  up  the  problem  of  the  rapid  and  economical 
unloading  and  handling  of  iron  ore  from  boats.  A  year  later  he  took 
out  patents  on  the  Brown  hoisting  and  conveying  machines  erected 
on  the  docks  of  the  N.  Y.,  P.  &  O.  Ry.  Co.,  now  part  of  the  Erie 
system.  He  then  organized  the  Brown  Hoisting  and  Conveying 
Machinery  Company  for  the  manufacture  of  his  machines.  For 
the  past  30  years  Mr!  Brown  spent  most  of  his  time  designing  and 
manufacturing  machinery  for  the  handling  of  different  machines.  He 
bad  taken  out  several  hundred  patents  on  his  various  inventions. 

He  took  an  active  interest  in  the  development  of  trade  schools  in 
Cleveland,  and  was  one  of  the  directors  of  the  Training  School  Com- 
pany, organized  in  1885,  to  open  a  carpenter  shop  for  boys  to  which 
pupils  were  to  be  admitted  free  for  a  course  extending  over  three  years. 
He  was  a  member  of  the  American  Institute  of  Mining  Engineers, 
the  Society  of  Naval  Architects  and  Marine  Engineers,  Civil  Engi- 
neers Club,  Electric  Engineers  Club  of  Cleveland,  the  Engineers  Club 
of  New  York  and  the  Chamber  of  Commerce  of  Cleveland.  He 
died  April  26,   1911. 

HENRY  W.  BULKLEY 

Henry  W.  Bulkley  was  born  in  New  York,  in  July  1842,  and  died 
in  East  Orange,  N.  J.,  November  6,  1911.  During  the  Civil  War  he 
served  in  the  Navy  as  assistant  engineer,  abandoning  his  studies  at 
the  College  of  the  City  of  New  York  in  order  to  enlist.  At  the  close 
of  the  war  he  secured  employment  at  the  Morgan  Iron  Works  as  me- 
chanical draftsman  and  constructor.  Shortly  afterwards  he  opened 
an  office  of  his  own  in  New  York  as  constructing  and  consulting  engi- 
neer and  engaged  in  the  manufacture  of  the  Bulkley  injector-condensor, 
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superheater,  steam  pumps,  etc.,  continuing  in  this  work  until  the  time 
of  his  death.  He  was  the  inventor  of  the  Bulkley  injector-condenfior, 
which  he  patented  in  1875,  as  well  as  a  special  t3rpe  of  steam  pump 
and  improvements  on  superheaters. 

Mr.  Bulkley  was  a  member  of  the  American  Institute  of  Mining 
Engineers  and  the  American  Institute  of  Electrical  Engineers. 

GEORGE   B.   CALDWELL 

George  B.  Caldwell  was  born  in  Lowell,  Mass.,  April  11,  1863. 
He  received  his  early  education  in  the  public  schools  of  Lowell  and 
at  the  age  of  seventeen  he  became  an  apprentice  of  the  Lawrence 
Manufacturing  C!ompany  of  Lowell,  serving  his  time  in  their  shops 
and  drafting  rooms.  At  the  end  of  his  apprenticeship  he  remained 
with  the  same  company  as  assistant  to  the  master  mechanic  until 
1899,  when  he  accepted  the  position  of  master  mechanic  of  the  Wash- 
ington Mills  Company,  Lawrence,  Mass.,  where  for  four  years  he 
was  in  charge  of  their  drafting  rooms  as  well  as  their  construction  and 
repair  work.  In  1893  he  entered  the  employ  of  Westinghouse, 
Church,  Kerr  and  Company  and  retained  his  connection  with  this 
firm  until  the  time  of  his  death,  March  31,  1911.  During  this  period 
he  was  in  responsible  charge  of  designing  and  constructing  many  works 
of  engineering  interest,  among  which  may  be  mentioned  the  mechan- 
ical and  electrical  features  of  the  South  Terminal  Station,  Boston, 
Mass.;  the  Pittsburgh  terminal  of  the  P.  &  L.  E.  R.  R.;  the  railroad 
shops  of  the  P.  &  L.  E.  R.  R.  at  McKees  Rocks;  the  construction  of 
the  Kingsbridge  Power  Station  of  the  Third  Avenue  R.  R.  He  also 
supervised  the  design  and  installation  of  the  Long  Island  Railroad 
Company's  electrification,  including  the  large  power  house  at  Long 
Island  City.  His  last  work  was  the  design  and  construction  of  the 
mechanical  and  electrical  features  of  the  Pennsylvania  Terminal 
Station  in  New  York  City,  which  he  was  obliged  to  relinquish  just 
before  it  was  completed.  Mr.  Caldwell  was  also  a  member  of  the  Amer- 
ican Society  of  Civil  Engineers.  He  was  a  man  of  unswerving  in- 
tegrity and  of  great  energy,  inspiring  perfect  confidence  and  respect 
in  all  those  with  whom  he  dealt. 

JOHN  A.  CALDWELL 

John  A.  Caldwell  was  bom  August  12,  1849,  at  Johnstone,  Scot- 
land, and  was  educated  at  the  Glasgow  School  of  Design  and  Mechan- 
ical Engineering,  from  which  he  was  graduated  in  1867.     He  served 
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his  apprenticeship  as  a  pattern  maker  with  the  firm  of  Tweedale  & 
Robinson,  Johnstone,  and  as  draftsman  with  Lawson  &  Son,  Glas- 
gow, from  1863  to  1868.  In  1870  he  came  to  the  United  States  and 
was  employed  by  Mackintosh,  Hemphill  &  Company  of  Pittsburgh, 
for  whom  he  designed  large  rolling  mills  and  blast  engines,  and  had 
entire  charge  of  relining  the  Schoenberger  blast  fmnaces  and  rebuild- 
ing the  hot  blasts  at  Pittsburgh,  as  well  as  the  erection  of  two  new 
blast  furnaces  at  Port  Washington,  Ohio.  He  subsequently  designed 
all  the  locomotives  built  by  the  National  Locomotive  Works,  Connells- 
ville.  Pa.,  the  Alice  stamp  mill  and  the  Moulton  mill  at  Butte,  Mont., 
the  elevator  service  for  Z.  C.  M.  I.  at  Salt  Lake  City,  Utah,  the  stamp 
mill  at  Parrall,  Mexico,  the  numerous  filter  plants  for  the  Hyatt 
Pure  Water  Company,  including  the  installation  of  the  city  plant  at 
Oakland,  Cal.,  and  was  in  charge  of  the  new  engine  and  boiler  instal- 
lations for  the  H.  W.  Johns  Manufacturing  Company,  Brooklyn,  N.  Y., 
contracted  for  and  superintended  the  erection  of  numerous  blower 
plants,  water  pumps  and  pumping  stations  for  the  P.  H.  &  F.  M.  Roots 
Company,  including  the  pumping  station  at  Little  Falls,  N.  J.,  and 
contracted  for,  designed  and  superintended  the  erection  of  numerous 
water-tube  boiler  plants,  including  piping,  in  conjunction  with  James 
Beggs  &  Company.  In  1899  Mr.  Caldwell  became  business 
manager  for  the  American  Stoker  Company,  New  York,  and  in  1901 
opened  an  office  of  his  own  in  the  same  city,  making  a  specialty  of 
boiler  room  economies,  particularly  stokers  and  COj  recorders.  He 
died  on  April  7,  1911. 

WILLIAM  LESTER  CAN  N  IFF 

William  Lester  Canniff  was  bom  in  Berea,  Ohio,  on  May  23, 1862, 
and  received  his  education  in  the  public  schools,  acquiring  his  mechan- 
ical training  through  his  own  efforts  and  through  experience.  After 
obtaining  a  general  knowledge  as  a  machinist,  electrician  and  sta- 
tionary engineer,  he  decided  upon  tunnel  work  as  his  specialty  and  in 
1896  entered  the  employ  of  the  W.  J.  Gawne  Company  of  Cleveland, 
contractors  for  the  water  works  tunnel  then  in  process  of  construction 
in  that  city,  as  master  mechanic,  and  also  assisted  in  the  work 
of  the  second  tunnel  built  shortly  after  the  completion  of  the  first. 
In  1900  he  superintended  the  construction  of  the  waterworks  tunnel  in 
Cincinnati,  built  by  the  same  company,  and  had  complete  charge  of 
the  mechanical  work.  In  1905  he  was  employed  by  the  Degnon 
Contracting  Company  of  New  York  as  mechanical  superintendent 
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on  the  Belmont  tunnel  under  the  East  River,  and  in  1807  by  the 
United  Engineering  and  Contracting  Company  on  the  construction 
of  the  Pennsylvania  tunnel,  New  York  City.  At  the  time  of  his 
death  on  August  29  he  was  serving  the  T.  A.  Gillespie  Company  of 
High  Falls,  N.  Y.,  in  the  same  capacity,  being  engaged  on  the  Ron- 
dout  siphon  tmmel  of  the  New  York  City  aqueduct.  During  the 
three  years  of  his  work  for  this  company  he  designed  and  erected  the 
largest  compressed  au:  plant  ever  built  under  one  roof  in  thiscoimtry. 
Although  Mr.  Canniff  invented  a  nimiber  of  appliances  he  patented 
only  two,  the  Union  hose  and  pipe  coupling,  and  a  pneimtiatic  grout 
mixer  extensively  used  through  the  country,  on  the  subject  of  which 
he  was  a  recognized  authority. 

JAMES  CHRISTIE 

James  Christie  was  bom  near  Ottawa,  Canada,  on  August  28, 
1840,  and  was  of  Scotch  parentage.  At  the  age  of  sixteen  after  a 
common  school  education,  he  came  to  the  United  States  and  under 
the  guardianship  of  his  uncle,  one  of  the  pioneer  railroad  constructors 
in  this  coimtry,  was  employed  with  a  railroad  construction  corps. 
In  1856  he  served  as  an  apprentice  in  the  machine  shop  of  locomotive 
works  in  Detroit,  Michigan,  and  spent  one  year  in  Missouri  as  an 
assistant  to  engineers  and  contractors  on  the  Pacific  Railroad  of 
Missouri.  From  there  he  went  to  Philadelphia,  apprenticing  him- 
self to  the  I.  P.  Morris  Company,  proprietors  of  the  Port  Rich- 
mond Iron  Works,  where  he  learned  the  trade  of  a  machinist.  In 
1865  he  removed  to  Pittsburgh  as  superintendent  and  engineer  of 
the  Fulton  Foundry,  and  later  engaged  in  the  designing  and  con- 
struction of  iron  works.  In  Phillipsburg,  N.  J.,  his  next  location,  he 
devoted  himself,  as  superintendent  of  the  Phillipsburg  Manufacturing 
Company,  to  the  construction  of  iron  bridges.  In  1876  he  became 
construction  engineer  with  the  Pencoyd  Iron  Works  of  A.  and  P. 
Roberts  &  Company,  where  he  continued  until  after  the  works  had 
been  absorbed  by  the  American  Bridge  Company.  Here  he  did  his 
most  important  engineering  work.  As  general  mechanical  assistant 
and  to  a  great  extent  his  own  draftsman,  he  began  at  once  to  improve 
the  methods  of  work,  introducing  machinery  and  organizing  the  men 
employed,  as  a  result  making  the  works  one  of  the  largest  and  most 
efHcient  in  the  Eastern  part  of  the  country.  Upon  his  retirement 
from  the  company  he  established  a  consulting  practice  of  his  own. 

In  1884  Mr.  Christie  published  Experiments  on  the  Strength  of 
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Wrought  Iron  Struts,  based  on  his  tests  at  Pencoyd,  which  won  for 
him  the  Normal  Medal  given  by  the  American  Society  of  Civil 
Engineers,  and  made  at  other  times  numerous  contributions  to  gen- 
eral and  scientific  literature.  During  the  Civil  War  he  served  in  the 
Antietam  campaign  and  in  1863  entered  the  engineer  corps.  He  was 
throughout  his  life  interested  in  public  affairs  and  held  several  politi- 
cal offices,  serving  as  Mayor  of  Phillipsburg  in  1870. 

He  joined  the  Society  in  1886  and  was  one  of  its  Vice-Presidents 
from  1902  to  1904.  At  the  time  of  his  death  on  August  24,  1911, 
he  was  serving  his  second  term  as  President  of  the  Engineers  Club  of 
Philadelphia,  and  was  also  a  member  of  the  Franklin  Institute, 
the  American  Philosophical  Society,  the  American  Society  of  Civil 
Engineers,  and  Fellow  of  the  American  Association  for  the  Advance- 
of  Science. 

WILLIAM  HARRISON  CORBETT 

William  Harrison  Corbett,  President  of  the  Williamette  Iron  and 
Steel  Works,  Portland,  Oregon,  died  at  his  home  in  that  city  on 
February  20,  1911,  after  a  brief  illness.  Mr.  Corbett  was  born  in 
Brooklyn,  N.  Y.,  on  October  31,  1868,  and  was  graduated  from 
Stevens  Institute  in  the  class  of  1895.  Before  entering  Stevens  he 
had  served  his  apprenticeship  in  the  Rowland  Machine  Works,  New 
Haven,  Conn.,  and  immediately  upon  graduation  entered  the  field 
of  mechanical  engineering  in  New  York  City.  In  1900  he  removed 
to  Portland,  Oregon,  to  assume  charge  of  the  Williamette  Iron  and 
Steel  Works,  becoming  President  after  the  works  were  rebuilt  some 
years  ago. 

Mr.  Corbett  followed  the  family  trend  as  an  iron  manufacturer 
and  ship  builder,  being  the  eldest  son  of  Charles  H.  Corbett,  Vice- 
President  of  the  Continental  Iron  Works,  and  a  grandson  of  the 
late  Jeronemeus  S.  Underhill,  one  of  the  pioneer  builders  of  iron 
vessels  before  the  Civil  War. 

THOMAS  B.  DAVIS 

Thomas  B.  Davis  was  bom  at  Forest  City,  Ark.,  in  1876,  and 
received  his  early  education  in  the  public  schools  and  in  the  State 
University  of  Arkansas.  After  spending  two  years  as  draftsman  on 
steel  mill  buildings,  contracting  plants  and  smelters  in  Denver,  Colo*, 
he  studied  for  one  year  at  Cornell  University,  securing  upon  its  corh- 
pletion  a  position  as  designing  engineer  with  the  American  Smelting 
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and  Refining  Company,  New  York,  later  going 
and  superintendent  of  erection  of  the  concei 
Barbara,  Chihuahua.  Upon  his  return  he  ac 
plied  mathematics  and  machine  design  at  the  V 
IJncoln,  but  after  a  year  accepted  a  podtioi 
neer  with  the  Jeffrey  Manufacturing  Compan 
"While  with  this  company  he  made  estimates 
cranes  for  handling  the  rock,  sand,  cement  am 
the  locks  at  the  Isthmus  of  Panama,  manufaci 
and  in  December  1908,  was  asked  by  the  Gove 
the  United  States  Ei^neering  Corps  to  the 
the  field  and  become  familiar  with  the  surround 
ning  of  the  steel  work,  one  of  the  most  giganti 
line  ever  considered  in  this  country.  The  si 
work  gave  him  a  wide  and  enviable  reputati 
his  chosen  field.  At  the  time  of  his  death,  I 
was  president  of  the  Arkansas  Farm  Compan 

JARTIS    B.    EDSON 

Jarvis  B.  Bdson  died  at  tus  home  in  New  Y 
1911.  He  was  born  in  Janesville,  Wis.,  April  J 
his  technical  education  at  Cooper  Union  and 
sity.  New  York  City.  He  saw  active  service 
and  being  discharged  from  the  army,  July  18( 
self  with  the  South  Brooklyn  Steam  Engine  an 
he  participated  in  the  construction  of  several  en; 
war  vessels  notably  the  Mendota,  Metacomi 
He  later  conducted  a  series  of  steam  engine  ( 
under  the  direct  supervision  of  B.  F.  Isherwood 
Am.  Soc.  M.  E.,  chief  of  the  Bureau  of  Steam  1 

On  November  1,  1864,  he  was  appointed  A 
Engineer  in  the  United  States  Navy  and  at  tl 
cetved  his  honorable  discharge.  Returning  to  p 
and  perfected  the  Edson  time  and  pressi 
engine.  He  also  engaged  in  the  manufacture  < 
required  by  engineers,  for  the  precision  of  wh 
construct  a  mercurial  column  some  250  ft.  li 
alongsi<le  the  Brooklyn  towers  of  the  East  R 
strunient  received  due  corrections  for  t«mpera 
differed  from  the  guesswork  method  previouslj 
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ing  standards  from  which  to  lay  off  the  dials  of  hydraulic  and  other 
high-pressure  instruments.  In  1873  Mr.  Eklson  took  part  in  the  or- 
ganization of  the  Domestic  Telegraph  Company  and  three  years  later 
devoted  his  attention  to  the  manufacture  and  improvement  of  cellu- 
loid and  zylonite.  During  this  period  he  obtained  many  valuable 
patents  on  inventions^  one  of  which  was  for  a  method  of  making  arti- 
ficial ivory  in  pyroxilin  compoimds.  He  also  devised  a  novel  method 
of  sinking  deep  wells  into  clay,  quicksand,  gravel,  etc. 

Mr.  Edson's  naval  experience,  coupled  with  his  characteristic  pa- 
triotism, prompted  his  notable  activity  in  organizing  the  New  York 
Commandery,  Naval  Order  of  the  United  States,  of  which  he  was  a 
charter  member,  and  the  Navy  League  of  the  United  States.  He 
was  a  member  of  the  American  Society  of  Naval  Architects  and  Ma- 
rine Engineers,  American  Society  of  Naval  Engineers,  Franklin  In- 
stitute, National  Geographic  Society,  Engineers'  Club,  Army  and 
Navy  Club,  and  several  others. 

HENRY  A.  FERGUSSON 

Henry  A.  Fergusson  was  bom  in  Philadelphia,  Pa.,  December 
1869,  and  received  his  technical  training  at  the  Spring  Garden  Poly- 
technic Institute  and  at  Cornell  University.  In  September  1887,  he 
began  an  apprenticeship  at  the  Baldwin  Locomotive  Works,  Phil- 
adelphia, and  from  1888  to  1902  was  employed  by  the  Pennsylvania 
Railroad  Company  at  Altoona,  Pa.,  holding  successively  the  posi- 
tions of  assistant  foreman  of  car  shops;  assistant  master  mechanic 
at  the  Meadows  shops;  assistant  road  foreman  of  engineers  of  the 
New  York  division,  in  sole  charge  of  tonnage,  rating  and  tests  of 
locomotives;  and  assistant  engineer  of  motive  power.  He  resigned 
from  the  company  to  become  assistant  superintendent  of  motive 
power  of  the  Chicago  Great  Western  Railroad,  St.  Paul,  Minn.,  and 
in  1904  entered  the  employ  of  J.  T.  Ryerson  &  Sons,  Chicago,  111., 
as  engineer.  At  the  time  of  his  death  on  April  22,  1911,  he  had  been 
consulting  engineer  and  general  manager  for  The  Steel  Roof  Truss 
Company,  Valley  Park,  Mo.,  for  several  years. 

JOSEPH  JAMES  FERRIER 

Joseph  James  Ferrier,  whose  death  occurred  at  Fruitvale,  Cal., 
October  29,  1911,  was  bom  at  Brighton,  Sussex,  England,  November 
26,  1882.  His  education  was  obtained  at  the  English  common 
schools,  and  in  1904  he  completed  a  course  in  civil  engineering  with 
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the  International  Correspondence  Schools,  during  which  time  he  waa 
also  employed  by  the  linlott  Engineering  Works,  Horsham,  Eng- 
land, in  their  foundry  on  municipal  supplies  and  agricultural  ma- 
chinery. In  1903  he  came  to  America  and  obtained  a  position  with 
the  Mergenthaler  Linotype  Company,  Brooklyn,  N.  Y.,  as  time- 
keeper, draftsman,  estimator  and  designer.  Two  years  later  Mr. 
Ferrier  secured  a  positiom  in  the  electrification  department  of  the 
New  York  Central  &  Hudson  River  Railroad  Company,  and  rose 
from  a  subordinate  place  to  chief  draftsman  in  the  steam  engineering 
branch  of  this  work.  In  April  1907,  he  entered  the  electrical  engi- 
neer's office  of  the  Southern  Pacific  Company,  at  San  Francisco,  Cal., 
taking  a  prominent  position  in  the  steam  and  mechanical  engineering 
branches  of  the  Oakland,  Alameda  and  Berkeley  electrification. 

STDART  E.  FREEMAN 

Stuart  E.  Freeman  was  bom  January  13,  1866,  at  Baltimore,  Md 
He  received  his  early  education  at  the  public  schools  and  later  at- 
tended the  Franklin  Institute  in  Philadelphia.  From  1883  to  1887 
he  served  an  apprenticeship  in  the  Illinois  Central  Railroad  shops, 
Centralia,  111.,  at  the  end  of  which  period,  he  was  employed  by  the 
Dickson  Manufacturing  Company,  Scranton,  Pa.  He  later  ac- 
cepted the  position  of  foreman  with  the  A.  Falkenau  Machine  Com- 
pany, Philadelphia.  From  October  1892  until  May  1893  he  was  gen- 
eral foreman  for  the  Philadelphia  Hardware  and  Malleable  Iron  Works 
and  until  January  1895  for  the  Morgan  Engineering  Company,  Al- 
liance, O.  Mr.  Freeman  was  subsequently  employed  by  the  Todd- 
Stanley  Mill  Manufacturing  Company,  St.  Louis,  Mo.,  the  Inter- 
national Drill  Company,  Barberton,  0.,  the  Stirling  Tubular  Boiler 
Company,  the  Fuller  Manufacturing  Company,  New  Haven,  Conn., 
and  at  the  time  of  his  death  he  was  general  superintendent  of  the 
Smith-Furbush  Machine  Company,  Philadelphia. 

Mr.  Freeman  was  a  member  of  the  Franklin  Institute  and  of  the 
Engineers'  Club  of  St.  Louis.  He  died  in  Norristown,  Pa.,  February 
2,  1911. 

JOSEPH  LEON  GOBEILLE 

Joseph  Leon  Gobeille,  identified  throughout  most  of  his  business 
career  \Ndth  the  Gobeille  Pattern  Company,  Cleveland,  Ohio,  was 
born  in  Poughkeepsie,  N.  Y.,  July  2,  1855.  He  obtained  his  mechani- 
cal training  at  Cooper  Union,  New  York,  and  at  the  Rensselaer 
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Polytechnic  Institute,  Troy,  N.  Y.  At  eighteen  years  of  age  he  en- 
tered the  pattern  shop  of  N.  S.  Vedder  in  Troy,  leaving  there  five  years 
later  to  take  charge  of  the  department  of  design  and  ornamentation 
with  the  Cleveland  Stove  Company,  Cleveland,  Ohio.  In  1881  he 
established  the  firm  of  Gobeille  &  Brothers  in  the  same  city,  retain- 
ing for  himself  the  designing  and  drafting.  In  1881  he  bought  out 
this  concern  and  organized  the  Gobeille  Pattern  Works  which  he 
developed  to  large  proportions.  While  he  specialized  in  stove  pat- 
terns, his  shop  turned  out  some  of  the  largest  and  most  intricate 
work  called  for  by  the  leading  f oimdries  of  the  country.  He  hivented 
and  constructed  ingenious  and  useful  woodworking  machinery  and 
his  pattern  shop  was  provided  with  valuable  and  rare  machine  tools. 

Leaving  Cleveland  in  1905  after  a  financial  reverse,  he  was  con- 
nected for  a  short  time  with  the  Abram  Cox  Stove  Company,  Phila- 
delphia, Pa.  Later  he  went  to  Niagara  Falls,  N.  Y.,  and  organized 
the  Gobeille-Harris  Pattern  Company,  of  which  he  retained  control 
until  attacked  by  the  illness  which  caused  his  death  on  September 
27,  1911. 

Mr.  Gobeille  was  a  past-president  of  the  Cleveland  Engineers  Club 
and  contributed  papers  at  various  times  to  meetings  of  foundrymen 
and  stove  manufacturers  associations.  He  will  also  be  remembered 
as  a  writer  of  short  stories  and  a  lover  of  rare  books. 

CHAS.  ARTHUR  HAGUE 

Chas.  Arthur  Hague  was  bom  at  Newton,  Mass.,  October  9,  1849, 
and  died  June  26,  1911.  He  began  his  professional  career  in  1872 
as  a  draftsman  and  designer  with  the  Clapp  and  Jones  Manufacturing 
Company,  Hudson,  N.  Y.,  remaining  in  their  employ  until  1875  when 
he  became  mechanical  engineer  and  draftsman  on  steam  engines, 
boilers,  etc.,  for  the  Frank  Douglas  Machinery  Company,  of  Chicago. 
In  the  following  year  he  resigned  to  enter  the  employ  of  the  Furst 
&  Bradley  Manufacturing  Company  as  a  master  mechanic.  While 
there  he  patented  important  improvements  in  the  plows  and  other 
implements  manufactured  by  them  and  designed  and  constructed 
numerous  special  machines  adapted  to  their  line.  In  1884  he  became 
superintendent  of  the  E.  P.  Allis  Company  of  Milwaukee  and  three 
years  later  became  connected  with  the  Knowles  Steam  Pump  Com- 
pany of  New  York.  The  following  year  he  entered  the  employ  of 
H.  R.  Worthington,  New  York,  as  mechanical  engineer,  remaining 
there  until  1895  when  he  established  a  consulting  practice  of  his  own. 
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Mr.  Hague  was  the  author  of  a  book  on  Pumpmg  Engines  for  Water 
Works. 

ARNDT  L.  HAMMARBERG 

Arndt  L.  Hammarberg  was  born  October  4,  1862,  m  Gothenberg, 
Sweden,  and  received  his  technical  education  at  the  Chahners 
Technical  Institute,  Gothenberg,  from  which  he  was  graduated  in 
1881.  His  early  experience  was  obtained  with  the  Bergsund  Ship- 
building Company,  at  Stockholm,  and  as  designer  and  draftsman 
with  the  Donnarvest  Iron  and  Steel  Works.  I9  1889  he  came  to 
the  United  States  to  take  a  position  with  the  Illinois  Steel  Company, 
remaining  until  1891  when  he  entered  the  employ  of  the  Homestead 
Steel  Works.  In  the  following  year  he  was  placed  in  charge  of  the 
rolling  mill  construction  of  the  Morgan  Construction  Company, 
Worcester,  Mass.,  and  between  the  years  1895  to  1898  was  succes- 
sively connected  with  Julian  Kennedy  and  with  Mackintosh,  Hemp- 
hill &  Company,  Pittsburgh,  Pa.,  and  with  the  Lloyd  Booth  Company 

• 

of  Youngstown,  Ohio.  In  1898  he  entered  the  employ  of  the  Well- 
man-Seaver  Engineering  Company,  at  Cleveland,  as  chief  engineer, 
leaving  there  to  become  chief  engineer  in  1900  of  the  Ensley  Steel 
Works,  and  in  1902  of  the  Youngstown  Sheet  and  Tube  Company. 
In  1907  he  returned  to  Sweden,  and  until  the  time  of  his  death  on 
February  7,  1911,  was  employed  as  chief  engineer  at  the  Bergsund 
Shipbuilding  Company  at  Falun. 

FREDERICK  L.   HART 

Frederick  L.  Hart  died  March  23,  1911,  at  Jamaica,  N.  Y.  He  was 
born  July  3, 1861,  in  Brooklyn,  N.  Y.,  and  was  a  graduate  of  the  Poly- 
technic Institute  of  that  city.  He  served  his  apprenticeship  of  a 
year  and  a  half  at  the  Columbian  Iron  Works  of  Brooklyn  and  three 
and  a  half  years  at  the  Wright  Steam  Engine  Works  of  Newburgh, 
N.  Y.  His  professional  work  included  the  erection  of  an  ochre  mill 
for  the  Franco-American  Mining  and  Ochre  Company  of  Brookl\'n, 
and  the  installation  and  operation  of  an  electric  plant  for  the  New 
York  and  Brooklyn  Bridge.  He  was  connected  for  a  period  of  four 
years  with  the  Third  Avenue  Railroad  Company  of  New  York  as 
chief  engineer  and  later  in  the  same  capacity  with  the  Tenth  Avenue 
and  125th  Street  Cable  Railroads  resigning  later  to  become  engineer 
in  charge  of  the  Broadway  Railway  Company.  Here  he  remained 
for  two  years  and  then  became  general  manager  of  the  Baltimore  City 
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Passenger  Railway  Company  a  position  which  he  held  for  six  years. 
Subsequent  to  this  he  was  associated  with  the  Washington  Railway 
and  Electric  Company  and  the  Thomas  Bashor  Company,  contract- 
ing engineers  of  Baltimore. 

CARYL  D.  HASKINS 

Caryl  D.  Haskins  was  bom  at  Waltham,  Mass.,  May  22,  1867, 
and  obtained  his  early  education  in  the  public  schools  of  Philadel- 
phia and  Dedham,  Pa.  In  1879  he  went  to  England,  where  he  at- 
tended the  Allison  Towers  and  Roslyndale  schools,  devoted  to  the 
preparation  of  boys  for  military  and  engineering  work,  and  later 
studied  under  the  London  University  tuition  system  for  a  year.  In 
1887  he  entered  the  employ  of  Haskins,  Davis  &  Company,  special- 
izing in  gas-engine  work.  Six  months  later  he  entered  the  shops  of 
S.  Z.  Ferranti,  where  he  was  connected  with  the  early  work  at  the 
Old  Grosvenor  and  Deptford  stations.  Returning  to  the  United 
States  in  1889,  he  was  employed  as  designing  draftsman  by  the 
Thomson  Electric  Welding  Company,  Lynn,  Mass.,  but  was  soon 
transferred  to  the  Thomson-Houston  Electric  Company  as  assistant 
foreman  of  the  meter  department.  Shortly  afterwards  he  was  given 
charge  of  the  company's  outside  meter  interests.  When  the  General 
Electric  Company  was  formed,  Mr.  Haskins  was  put  in  charge  of 
the  meter  interests  of  the  consolidated  company.  In  1893  he  was  also 
given  charge  of  the  company's  instrument  department  and  in  1900 
of  the  switchboard  department. 

While  Mr.  Haskins  is  best  known  as  a  meter  expert,  he  was  also 
an  inventor  in  other  lines,  including  the  subjects  of  steel  refining, 
meters,  transformers,  switches,  circuit-breakers,  time  relays,  etc. 
Perhaps  his  most  important  as  well  as  most  ingenious  invention  was 
an  auto-dirigible  torpedo,  for  which  he  refused  several  offers  from 
foreign   powers. 

Mr.  Haskins  also  found  time  for  literary  work.  He  was  the  author 
of  a  book  on  Transformers  and  of  a  work  of  fiction  entitled.  For  the 
Queen  in  South  Africa.  He  also  lectured  frequently  at  army  and 
navy  institutes.  He  had  made  a  special  study  of  electricity  as  ap- 
plied to  offense,  and  particularly  to  defense,  in  time  of  war  and  was 
considered  an  authority  on  this  subject,  and  frequently  acted  in  an 
advisory  capacity  to  the  Government  in  matters  of  this  nature. 

Mr.  Haskins  was  a  member  of  the  American  Institute  of  Electrical 
Engineers  and  the  National  Electric  Light  Association  and  was  an 
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associate  member  of  the  Military  Service  Institute  and  the  United 
States  Naval  Academy.    He  died  November  18,  1911. 

D.  HOWARD  HAYWOOD 

D.  Howard  Haywood  was  bom  in  London,  Ekigland,  March  26, 
1869.  He  received  a  technical  training  in  the  Crystal  Palace  School 
of  Practical  Engineering  during  which  time  he  spent  several  months 
in  a  wood-making  pattern  shop,  machine  shop  and  foundry.  From 
June  1888  to  May  1890  he  was  employed  in  the  drafting  office  of 
Brewer  and  Company,  engineers  and  contractors  of  New  York  City, 
and  until  January  1893  he  was  with  Brown  and  Seward,  patent 
attorneys.  For  the  next  seven  years  he  conducted  a  business  of  his 
own  in  general  engineering,  mechanical  and  expert  drafting  work,  in 
soliciting  patents  and  in  giving  testimony  as  an  expert  in  patent 
suits.  At  the  time  of  his  death,  July  5,  1911,  he  was  a  member  of 
the  firm  of  Chapin  and  Haywood,  New  York  City. 

Mr.  Haywood  was  a  member  of  the  New  York  Bar,  New  York 
County  Lawyers'  Association  and  foreign  member  of  the  Chartered 
Institute  of  Patent  Agents. 

ANDREW  J.  HEWLINGS 

Andrew  J.  Hewlings  was  bom  in  Philadelphia  Pa.,  July  27,  1857, 
and  received  his  early  education  in  the  public  schools  and  Franklin 
Institute.  In  1874  he  entered  the  shops  of  L.  Schutte  and  Company, 
where  he  served  an  apprenticeship  of  ten  years.  His  later  work 
included  the  erection  of  condensers,  injectors,  steam,  water  and  air 
apparatus.  He  was  president  of  the  A.  J.  Hewlings  Company, 
Chicago,  111.,  imtil  1902,  when  he  became  manager  of  the  catalogue 
department  of  the  Crane  Company,  also  of  Chicago.  This  position 
he  held  at  the  time  of  his  death  on  January  18,  1911. 

LEMUEL  R.  HOPTON 

Lemuel  R.  Hopton  was  bom  at  West  Stratford,  Conn.,  on  Jime  20, 
1873,  and  received  his  early  education  in  the  public  and  high  schools 
of  New  Haven  and  his  technical  training  in  the  Sheffield  Scientific 
School  of  Yale  University,  from  which  he  was  graduated  with  honors 
in  1896.  Until  1900  he  remained  at  Yale,  teaching  machine  design  in 
the  department  of  Mechanical  Engineering  at  Sheffield  Scientific 
School,  when  he  left  there  to  enter  the  employ  of  Carl  H.  Schultz, 
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Inc.,  New  York,  as  factory  superintendent.  In  1902  he  resigned  to 
take  a  similar  position  with  the  Enos  Company  of  the  same  city, 
remaining  with  them  mitil  a  short  time  before  his  death  on  Sep- 
tember 5,  1911. 

Mr.  Hopton  was  the  inventor  of  several  electrical  appliances  used 
by  the  Enos  Company,  and  also  of  the  Opalux  glass,  used  for  high 
candle  power  lighting  and  manufactured  by  the  Opalux  Company, 
of  which  he  was  an  officer  and  director.  He  was  the  author  of  many 
articles  published  in  the  electrical  magazines  and  a  member  of  the 
Illuminating  Engineering  Society,  before  which  a  number  of  his  papers 
were  presented. 

CHARLES  SCRANTON  HUMPHREY 

Charles  Scranton  Humphrey,  who  died  in  an  automobile  accident 
on  June  29, 1911,  was  bom  at  Kokomo,  Ind.,  September  2, 1888.  Two 
years  later  he  moved  with  his  parents  to  West  New  Brighton,  N.  Y. 
He  received  his  preparatory  education  at  the  Westerleigh  Colle^ate 
Institute  and  entered  Cornell  University  in  1904,  receiving  the  de- 
grees of  B.A.  in  1908  and  M.E.  in  1910.  He  was  interested  in 
automobile  construction  and  also  spent  several  months  in  the  gas 
engine  department  of  the  Bethlehem  Steel  Company,  South  Beth- 
lehem, Pa.,  and  later  in  the  shops  of  the  C.  W.  Hunt  Company, 
West  New  Brighton,  assisting  in  the  design  and  construction  of  a 
combination  fuel  oil  electric  locomotive  for  use  on  the  west  coast  of 
South  America.  He  wrote  a  number  of  papers  on  automobile  design 
and  construction  and  had  for  some  time  been  a  regular  contributor 
to  one  of  the  leading  journals  devoted  to  the  motor  industry. 

CHARLES  WALLACE  HUNT 

Charles  Wallace  Himt,  Past-President  of  The  American  Society 
of  Mechanical  Engineers  and  of  the  United  Engineering  Society, 
was  called  to  his  rest  on  March  27,  1911,  filling  to  the  full  his  allotted 
three  score  and  ten  years. 

He  was  bom  at  Candor,  Tioga  Coimty,  New  York,  on  October  13, 
1841.  His  early  scientific  education  was  begun  at  Cortland  Acad- 
emy, Homer,  New  York,  but  during  his  life  he  never  ceased  to  be  a 
student.  During  the  Civil  War,  Secretary  Stanton  assigned  to  him 
the  duty,  for  which  his  kindly  nature  and  sound  judgment  admirably 
fitted  him,  of  looking  after  the  welfare  of  the  thousands  of  negroes 
who  flocked  into  the  Union  lines  from  the  Southern  States.    He  taught 
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them  how  to  take  care  of  themselves  by  putting  them  at  work  in  the 
mills  furnishing  supplies  for  the  Government. 

Returning  from  his  services  to  the  Government,  about  1868,  he 
began  his  business  career  on  Staten  Island,  New  York,  in  the  storing 
and  handling  of  coal.  It  was  here  that  his  engineering  career  began. 
He  realized  how  slow  and  expensive  the  process  of  handling  coal  then 
was  and  set  about  to  improve  it.  The  result  was  the  development  of 
his  automatic  railroad,  by  which  the  coaJ  was  lifted  from  barges 
and  carried  back  on  an  elevated  track  and  dumped  automatically 
at  any  desired  point.  This  system  was  later  introduced  to  a  large 
extent,  notably  at  the  large  coal  stations  of  the  Calumet  and  Hecla 
mines  on  Lake  Superior,  and  in  many  other  lake  and  sea  ports  in 
this  country  and  abroad.  The  automatic  railway^ completely  solved 
the  problem,  and  so  perfectly  that  few  if  any  improvements  in  this 
particular  device  have  been  made  since.  This  work  led  to  the  inven- 
tion of  many  coal-handling  devices. 

Later  he  became  interested  in  the  development  of  the  system  of 
chain  conveyors  running  on  wheels  and  having  swinging  buckets  which 
always  remained  upright  except  at  the  points  where  they  were  dumped. 
This  system  was  very  largely  and  successfully  used  in  many  large 
steam  power  plants  and  locomotive  coaling  stations.  By  its  use 
coal  could  be  carried  horizontally,  or  vertically,  or  at  any  angle,  from 
any  point  and  delivered  automatically  and  continously  at  any  one 
of  many  other  points;  and  ashes  could  be  collected  at  many  dififer- 
ont  points  and  delivered  at  other  points  by  the  same  endless  conveyor 
chain  with  buckets  carried  on  wheels,  and  kept  continuously  in  mo- 
tion by  an  ingenious  pushing  device  that  avoided  ver\'^  largely  the 
friction  of  the  ordinary  sprocket  chain  machines,  then  in  common  use, 
which  dragged  the  coal  along  the  bottom  of  a  trough. 

A  story  is  told  of  him  b}^  one  of  his  friendly  competitors  which  is 
both  characteristic  of  the  man  and  vividly  brings  out  the  difference 
in  principle  of  these  two  systems.  The  two  men  were  before  a  com- 
mittees which  had  to  decide  on  the  purchase  of  one  of  the  two  systems 
presented.  Mr.  Hunt  said:  ^^If  you  wished  to  move  a  cat  from  one 
corner  of  the  room  to  the  other  with  the  least  effort  and  trouble, 
would  you  catch  it  by  the  tail  and  drag  it  across  against  the  resist- 
ance  of  its  claws  in  the  carpet,  or  would  you  gently  lift  the  cat  into 
a  basket  and  smoothly  and  easily  carry  it  across?''  He  got  the  con- 
tract and  his  competitor  enjoyed  the  story. 

His  genial  humor,  coupled  with  his  straight for^^ard  common  sense 
and  ability  to  get  at  foundation  principles,  was  among  his  most 
attractive  characteristics. 
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In  connection  with  his  coal-handling  machinery,  Mr.  Hunt  was 
called  upon  to  design  and  build  many  large  steel  structures  for  the 
storage  of  coal  in  large  quantities.  These  included  the  coal  stations 
for  the  United  States  Navy  at  Guantanamo,  Puget  Soimd  and  Manila, 
as  well  as  other  large  plants  in  South  Africa,  Europe  and  Australia. 

In  addition  to  the  large  plant  of  the  C.  W.  Hunt  Company  on  Staten 
Island,  New  York,  of  which  he  was  president,  there  were  plants  in 
England  and  Germany  for  the  manufacture  of  machinery  designed 
by  him.  The  development  of  coal-handling  machinery  by  Mr.  Hunt 
and  his  associates  has  reduced  the  cost  of  handling  coal  from  about 
thirty  to  three  cents  per  ton.  He  designed  machinery  for  the  rapid 
and  economical  handling  of  freight,  a  notable  example  being  that  at 
the  Greenville  terminal  of  the  Pennsylvania  Raiboad. 

Another  direction  in  which  Mr.  Himt  showed  his  ingenuity  and  good 
engineering  sense,  was  in  the  development  of  his  industrial  railway. 
He  adopted  a  narrow  gage  of  21^  inches  for  his  tracks,  which  were  made 
in  complete  sections  ready  to  be  joined  together  in  any  desired  com- 
bination with  very  short  curves  and  switches  and  turntables  enabling 
the  tracks  to  be  carried  anjrwhere  around  shops  and  yards.  His  cars 
were  made  in  a  great  variety  of  special  forms  to  do  special  work  in 
the  best  manner.  The  wheels  of  his  cars  have  their  flanges  on  the 
outside,  contrary  to  the  common  practice,  for  which  he  claimed  great 
advantage  in  reducing  the  resistance  of  the  car  on  the  track  and  par- 
ticularly on  short  curves.  He  was  probably  the  first  to  build  and  use 
electric  storage  battery  locomotives  on  very  narrow  gage  railways 
having  short  curves.  These  locomotives  involved  special  and 
unusual  problems  which  he  showed  great  ingenuity  and  skill  in  solving. 

His  inventive  genius  is  represented  by  one  hundred  and  forty-seven 
patents  issued  to  him  and  three  others  which  have  since  been  allowed. 

Mr.  Hunt  had  a  deep  interest  in  the  profession  of  engineering  and 
was  always  ready  to  devote  his  time  and  energy  to  its  advancement. 
His  private  interests  were  always  held  secondary  to  his  interests  in 
the  various  engineering  societies  of  which  he  was  a  member. 

He  was  a  member  of  the  Society  for  26  years  and  was  elected 
one  of  its  Vice-Presidents  in  1892  and  became  its  President  in 
1898.  He  has  served  on  many  of  its  most  important  committees 
and  his  devotion  to  the  work  has  been  manifest  in  all  the  large 
policies  adopted  by  the  Society.  His  most  notable  committee 
work  was  done  as  Chairman  of  the  Conmiittee  appointed  by 
the  Council  in  1902  to  draft  a  new  Constitution  and  By-Laws. 
The  result  of  the  assiduous  work  of  that  Committee,  of  which 
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he  bore  the  major  part,  was  adopted  by  the  Society  in  1904  and  then 
became  its  organic  law.  He  proposed  the  policy,  incorporated  in 
the  Constitution,  of  putting  the  various  activities  of  the  Society  in 
charge  of  Standing  Conmiittees  of  five  members  each,  one  member 
retiring  and  one  new  member  coming  on  each  year,  by  which  a  large 
nimiber  of  men,  devoted  to  the  best  interests  of  the  Society  have  been 
brought  into  its  active  management.  He  remained  Chairman  of 
the  Committee  on  Constitution  and  By-Laws  to  the  time  of  his  death, 
and  his  last  work  for  the  Society  was  done  in  that  Committee  on  Feb- 
ruary 17  last.  In  no  place  will  his  broad-minded  yet  conservative 
counsel  be  more  greatly  missed. 

Mr.  Hunt  ceased  to  be  a  statutory  member  of  the  Coimcil  in  1904, 
but  he,  with  other  Past-Presidents,  was  invited  by  the  Council  to 
sit  at  its  sessions  as  Honorary  Councilor.  Although  not  obliged  to 
be  present,  he  rarely  missed  a  Council  meeting  when  his  health  per- 
mitted and  always  gave  such  sound  advice  that  the  members  of  the 
Coimcil  were  wont  to  show  their  sincere  respect  by  referring  to  him 
as  our  "Elder  Councilor." 

Mr.  Hunt  was  also  a  member  of  the  American  Institute  of  Elec- 
trical Engineers;  the  American  Institute  of  Mining  Engineers;  the 
American  Society  for  the  Advancement  of  Science;  Franklin  Institute; 
New  York  Electrical  Society;  Inventor's  Guild;  New  York  Chamber 
of  Commerce;  National  Geographic  Society;  Staten  Island  Asso- 
ciation of  Arts  and  Sciences;  Staten  Island  Chamber  of  Commerce; 
The  Engineers'  Club;  The  Railway  Club;  The  Hardware  Club;  and 
The  Machinery  Club.  He  was  President  of  the  Richmond  Coimty 
Savings  Bank. 

When  Mr.  Andrew  Carnegie  made  his  notable  deed  of  gift  in  1903 
to  be  devoted  to  a  building  for  the  Engineering  Societies,  Mr.  Hunt 
was  promptly  chosen  as  a  member  to  represent  The  American  Society 
of  Mechanical  Engineers  on  the  organization  committee,  and  later  of 
the  building  committee,  and  finally  of  the  Board  of  Trustees  of  the 
United  Engineering  Societies.  He  continued  in  office  during  two  terms 
under  the  principle,  which  he  himself  reconunended,  that  no  trustee 
should  be  immediately  eligible  at  the  close  of  a  second  term.  After 
a  year  had  elapsed  however,  he  was  re-elected  to  serve  in  the  position 
which  he  had  so  conspicuously  adorned.  He  was  at  the  b^inning 
of  his  third  term  when  death  overtook  him.  His  influence  in'  the 
Board  was  conservative,  yet  progressive.  It  was  his  recommenda- 
tion that  no  decision  of  the  Building  Committee  should  ever  be  carried 
out  until  the  entire  Board  wa.?  unanimous  respecting  it.     This  was 
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largely  responsible  for  many  well-balanced  decisions  respecting 
details  of  the  building  and  its  consequent  satisfaction  to  all  parties. 
Up  to  the  very  beginning  of  his  last  illness  he  was  active  and  sug- 
gestive respecting  certain  propositions  looking  to  the  development 
of  the  library  and  an  enlargement  of  its  scope  and  usefulness. 

Mr.  Himt  served  also  on  many  other  committees  representative  of 
the  Society.  About  a  dozen  years  ago  he  served  as  a  representative 
of  the  Society  in  formulating  a  revision  of  the  Building  Code  of  the 
City  of  New  York  to  take  care  of  the  changes  introduced  by  steel 
construction  and  the  tall  cellular  building.  He  served  also  on  the 
committee  to  install  the  Thurston  memorial  tablet  and  was  a  member 
of  the  John  Fritz  Medal  Board.  He  also  served  on  a  committee  to 
write  the  history  of  the  Society.  From  time  to  time  he  contributed 
from  his  experience  several  valuable  papers  to  the  Society. 

In  his  presidential  address  at  the  Annual  Meetingin  December  1898| 
Mr.  Hunt  took  as  his  title,  The  Engineer,  and  in  that  paper,  draw- 
ing most  largely  perhaps  upon  his  own  philosophy  of  life,  he  made 
this  statement,  doubtless  also  the  product  of  his  own  experience: 
"The  life  of  an  engineer  has  a  full  measure  of  the  labors,  the  trials, 
the  discomforts  and  the  disappointments  ^hich  are  found  in  this 
as  in  every  other  walk  of  life,  but — it  has  also  the  successes  which 
come  from  well  directed  labors.  It  is  not,  however,  either  the  use- 
ful work  in  itself,  or  what  are  called  the  successes  of  life,  which 
bring  happiness.  It  is  a  man's  ideals  which  make  him  happy.  .  . 
.  .  Cheerfully  can  he  enter  upon  his  daily  task  with  the  conscious- 
ness that  his  application  of  these  discoveries  is  of  real  service  in  light- 
ening the  burdens  of  our  life,  as  well  as  elevating  and  ennobling  his 
fellow  men."  Such  was  the  story  of  Mr.  Hunt's  life  and  such  were 
his  achievements. 

Col.  E.  D.  Meier,  President  of  the  Society;  Prof.  F.  R.  Hutton, 
Past-President  and  Honorary  Secretary;  Henry  R.  Towne,  Past- 
President;  Jesse  M.  Smith,  Past-President;  Alex.  C.  Humphreyjs, 
Vice-President;  Henry  G.  Stott,  Manager;  Charles  Kirchhoff,  John 
W.  Lieb,  Jr.,  Alfred  Noble,  W.  H.  Fletcher,  Members;  and  Calvin  W. 
Rice,  Secretary,  were  appointed  Honorary  Vice-Presidents  to  attend 
the  funeral  and  represent  The  American  Society  of  Mechanical 
Engineers.  This  was  held  in  the  Church  of  the  Ascension  at  West 
New  Brighton,  on  Thursday,  March  30.  The  body  of  Mr.  Hunt 
was  laid  at  rest  in  the  beautiful  cemetery  at  New  Dorp,  Staten 
Island,  New  York. 
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HENRY  JAMES  JOHNSON 

Henry  James  Johnson  was  bom  in  Providence,  R.  I.,  July  7,  1842. 
He  was  educated  in  the  Providence  public  schools  and  in  1861  was 
graduated  from  Brown  University  with  the  degree  of  C.E.  From 
1863  to  1891  be  w^as  employed  by  the  Providence  Steam  Engine  Com- 
pany, first  as  draftsman  and  later  as  designing  engineer.  He  designed 
and  superintended  the  construction  of  the  Nagle  pumping  engine, 
the  Burdict  bolt  and  nut  forging  machines,  steam  capstans  for  the 
United  States  Navy,  the  improved  Greene  automatic  drop  cut-off 
engine,  stationary  and  marine  boilers,  and  others,  upon  several  of 
which  he  secured  patents.  In  1891  he  became  designing  engineer  for 
Plumb,  Burdict  and  Barnard,  Buffalo,  N.  Y.,  bolt  manufacturers. 
Two  years  later  he  again  became  connected  with  the  Providence 
Steam  Engine  Company  in  the  capacity  of  consulting  engineer,  and 
from  1898  to  the  date  of  his  death  on  October  8,  1911,  was  consult- 
ing engineer  for  Filer  and  Stowell  Engineering  Company's  eastern 
office. 

WARREN  S.  JOHNSON 

Warren  S.  Johnson  was  bom  in  Leicester,  Vt.,  November  6,  1847, 
and  died  December  5, 191 1 .  At  an  early  age  he  moved  with  his  family 
to  Waukesha,  Wis.,  where  he  attended  school  and  learned  the  printer's 
trade.  At  seventeen  years  of  age  he  became  foreman  in  a  newspaper 
office  at  Durand,  Wis.,  at  the  same  time  attending  high  school.  He 
taught  school  in  Menominee  for  a  number  of  years  and  then  became 
county  superintendent  of  schools.  In  1S76  he  was  appointed  pro- 
fessor of  mathematics,  sciences  and  drawing  at  the  state  normal 
school  at  Whitewater,  Wis.  Here  he  maintained  a  private  laboratory 
where  he  experimented  ^^'ith  storage  batteries  and  where  he  conceived 
the  idea  of  automatic  temperature  regulation.  In  1883  he  resigned 
his  professorship  and  formed  a  partnership  >\dth  William  Plankinton 
of  Milwaukee,  where  Ik^  developed  the  Johnson  system  of  tempera- 
ture regulation,  now  used  all  over  the  world.  In  1885  the  partner- 
shij)  became  a  corporation  kno\\Ti  as  the  Johnson  Electric  Service 
Company,  the  name  being  changed  later  to  the  Johnson  Service 
C()mpan3\ 

The  temperature  regulator  was  not  Mr.  Johnson's  only  invention. 
OthcTs  were  a  brass  foundry  furnace,  gasolene  gas  machine,  pneu- 
matic clock  and  time  system,  wireless  telegraph  system,  automobile 
parts  and  various  devi(.'es  used  in  connection  with  the  business  in 
which  he  was  engaged.    The  huge  pneumatic  clock  at  the  St.  Louis 
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Exposition  in  1904  was  made  by  Mr.  Johnson.  He  also  constructed 
the  city  hall  clock  in  Philadelphia,  the  largest  in  the  world,  and  the 
city  hall  clock  in  Milwaukee  which  has  the  largest  bell  in  the  world. 
Mr.  Johnson  was  a  member  of  the  Franklin  Institute,  the  American 
Institute  of  Electrical  Engineers  and  the  American  Society  of  Heat- 
ing and  Ventilating  Engineers. 

CHARLES  J.  LARSON 

Charles  J.  Larson  was  bom  on  March  2,  1872,  at  River  Falls,  Wis. 
His  early  education  was  obtained  at  the  State  Normal  School,  More- 
head,  Minn.,  and  at  Macalester  College,  St.  Paul,  Minn.,  and  his 
technical  training  at  the  Rose  Polytechnic  Institute,  Terre  Haute, 
Ind.,  from  which  he  was  graduated  in  1900  with  the  degree  of  B.  S., 
and  from  which  he  also  received  the  degree  of  M.E.  in  1909.  In 
1900  he  entered  the  employ  of  the  Allis-Chalmers  Company  at  Mil- 
waukee, as  erecting  engineer,  and  from  1905  to  1907  had  super- 
vision of  the  installation,  operation  and  testing  of  machinery  furnished 
by  this  company  in  the  Eastern  territory.  Among  the  prominent 
engineering  works  which  he  superintended  in  this  capacity  were  the 
Washington  drainage  system  and  water  works,  the  Boston  sewerage 
system,  the  Boston  elevated  railway,  the  New  York  subway  engines, 
the  New  York  high-pressure  service,  and  the  Midvale  Steel  Company's 
plant  and  machinery  for  the  Connecticut  Railway  Company-  In 
1904  he  installed  and  had  charge  of  the  operation  of  the  6000-h.p. 
AUis-Chalmers-Bullock  exhibit  at  the  St.  Louis  Exhibition. 

He  was  forced  to  resign  his  work  in  1908,  because  of  ill-health 
and  accepted  a  position  as  chief  engineer  of  the  Union  Electric  Com- 
pany, Dubuque,  Iowa,  which  he  held  at  the  time  of  his  death  on  April 
6,  1911. 

Mr.  Larson  was  a  membjBr  of  the  American  Institute  of  Electrical 
Engineers  and  the  National  Electric  Light  Association,  and  had  made 
many  valuable  contributions  to  technical  journals. 

WILLIAM  S.  McKINNEY 

William  S.  McKinney  was  bom  in  Troy,  N.  Y.,  August  11,  1844. 
He  removed  with  his  parents  to  Cincinnati,  Ohio,  in  1861,  where 
his  father  engaged  in  the  manufacture  of  hardware  in  partnership 
with  Miles  Greenwood.  At  the  age  of  twenty,  after  the  sudden 
death  of  his  father,  he  assumed  entire  charge  of  the  factory,  continu- 
ing to  carry  on  the  business  until  the  expiration  of  the  partnership 
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agreement  with  Mr.  Greenwood.  He  then,  together  with  his  brother 
J.  P.  McKinney,  built  a  small  works  for  the  manufacture  of  hardware, 
making  a  specialty  of  strap  and  tee  hinges  and  butts.  Recognizing 
the  advantages  to  be  found  in  Pittsburgh  for  a  business  of  this  char- 
acter, they  removed  the  works  to  Allegheny,  Pa.,  and  organized  the 
McKinney  Manufacturing  Company,  of  which  he  was  president 
until  his  death.  His  engineering  work  was  confined  mainly  to  the 
designing,  building  and  improving  of  machinery  adapted  for  the  man- 
ufacture of  heavy  hardware.  He  died  at  his  home  in  Pittsburgh, 
August  30,  1911. 

JAMES  Mclaughlin 

• 

James  McLaughlin  who  died  on  August  18  at  Clifton  Springs, 
N.  Y.,  was  bom  on  May  8, 1867  at  Castlefin,  County  Donegal,  Ireland, 
coming  to  the  United  States  with  his  parents  at  the  age  of  fifteen. 
Here  he  entered  the  Philadelphia  High  School  and  later  the  Uni- 
versity of  Pennsylvania,  where  he  received  his  training  as  a  civil 
engineer.  In  1885  he  entered  the  employ  of  the  Philadelphia  & 
Reading  Railway,  as  secretary  to  the  general  counsel,  and  two  years 
later  became  bookkeeper  and  correspondent  for  the  Philadelphia 
Engineering  Works.  Shortly  afterward  he  decided  to  take  up  the 
practical  and  technical  side  of  mechanical  engineering  and  entered  the 
shop  of  the  company,  also  taking  a  course  of  lectures  on  mechanics 
at  the  University  of  Pennsylvania.  In  1889  he  became  general  man- 
ager of  the  Barr  Pumping  Engine  Company  of  Philadelphia,  and  de- 
signed and  installed  many  large  high-duty  pumping  engines,  princi- 
pally in  New  England  but  also  in  Kansas  City,  Harrisburg,  Trenton, 
Denver  and  other  cities. 

In  1903  he  resigned  to  establish  the  firm  of  McLaughlin  Brothers, 
Incorporated,  for  the  design,  construction  and  equiptoent  of  buildings, 
including  reinforced  concrete,  steel  and  New  England  mill  construc- 
tion, power  plants  and  electrical  equipment,  and  plumbing  and  sprink- 
ling systems.  In  the  following  year  the  main  offices  were  removed 
from  Philadelphia  to  Baltimore  and  many  of  the  large  buildings  of 
Baltimore  were  erected  under  Mr.  McLaughlin's  supervision.  He  was 
at  the  time  of  his  death  president  and  general  manager  as  well  as 
senior  member  of  the  firm. 
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WILLIAM  B.  MASON 

William  B.  Mason  was  born  at  Durham,  Me.,  December  22,  1852, 
and  died  at  his  home,  Dorchester,  Mass.,  February  4,  1911.  He  re- 
ceived a  common  school  education  and  first  went  to  work  in  a  ma- 
chine shop  at  Biddeford,  Me.  He  later  came  to  Boston  and  was  em- 
ployed at  the  Hinckley  Locomotive  Works  and  as  engineer  on  various 
harbor  steamers.  Mr.  Mason  then  joined  the  navy  as  machinist  and 
was  assigned  to  the  U.  S.  S.  Omaha.  He  served  for  two  years  on  the 
Pacific  Station  off  the  west  coast  of  South  America.  Returning  to 
Boston  he  accepted  a  position  with  Cressey  and  Noyes  and  while 
there  invented  the  Mason  steam  pump  speed  governor,  which  is 
today  the  standard  method  of  control  of  direct-acting  steam  pumps. 
In  1882  the  Mason  Regulator  Company  was  organized  to  manufac- 
ture the  instrument.  When  this  enterprise  was  well  under  way  Mr. 
Mason  turned  his  attention  to  the  design  of  a  pump  pressure  regu- 
lator for  controlling  the  discharge  pressure  on  steam  driven  pumps. 
He  later  adapted  the  same  principle  to  a  reducing  valve  of  which 
many  thousands  have  been  made  for  use  under  a  great  variety  of 
conditions.  When  steam  heating  was  adopted  for  use  on  railroad 
cars,  the  Mason  reducing  valve  was  found  to  be  the  only  one  that 
could  be  satisfactorily  employed  and  the  leading  raih-oad  systems  of 
this  country.  Great  Britain  and  continental  Europe  have  made  it 
their  standard.  The  business  was  broadened  by  numerous  other  de- 
vices for  controlling  steam,  water  and  air  at  all  pressures.  When  the 
manufacture  of  steam  automobiles  was  first  attempted  by  the  Stan- 
ley Motor  Carriage  Company,  Mr.  Mason  designed  their  engine  and 
afterwards  manufactured  several  thousand  for  the  various  steam  car- 
riage manufacturers. 

He  was  a  member  of  the  New  England  Railroad  club. 

EDGAR  W.  MIX 

Edgar  W.  Mix  was  bom  at  Columbus,  Ohio,  February  4, 1867,  and 
in  1888  was  graduated  from  the  Ohio  State  University  with  the 
degree  of  B.S.  The  two  years  following  were  spent  in  the  employ  of 
the  Thomson-Houston  Electric  Company,  Lynn,  Mass.,  in  general 
shop  work  and  practice  and  in  the  development  of  the  Thomson 
recording  watt  meter.  In  1890  he  took  this  meter  to  Paris  where  it 
was  awarded  first  prize  in  the  meter  contest.  The  following  five 
years  were  devoted  to  general  engineering,  designing  and  installing 
various  electric  railway  and  lighting  plants  in  France  and  Russia. 
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In  1895  he  became  chief  engineer  of  the  Soci^t^  des  Etablissements 
Postel-Vinay,  Paris,  which  concern  was  then  controlled  and  has 
since  been  absorbed  by  the  Thomson-Houston  Electric  Company. 
In  this  capacity  Mr.  Mix  played  an  important  part  in  the  develop- 
ment of  all  the  electrical  machinery  which,  the  company  bnvc  been 
buildin<^  since  he  joined  them,  as  well  as  steam  turbines  and  modem 
extraction  machinery  for  collieries.  He  left  the  Thomson-Houston 
Company  in  October  1911,  to  take  up  the  European  branch  of  the 
General  Motors  Export  Company  of  America. 

Mr.  Mix  was  a  member  of  both  the  Aero  Club  of  France  and  the 
Aero  Club  of  America,  and  represented  both  countries  in  the  interna- 
tional balloon  race  from  Zurich  on  October  5,  1909,  in  which  he  was 
the  only  American  contestant.  He  died  suddenly  November  12, 
1911. 

DOUGLASS  G.  MOORE 

Douglass  G.  Moore  was  bom  at  Corning,  N.  Y.,  February  26, 1846, 
and  died  at  Norfolk,  Va.,  March  7,  1911.  He  was  educated  in  the 
public  schools  of  Elizabeth,  N.  J.,  and  in  Dr.  Foote's  Academy,  and 
served  his  apprenticeship  under  his  father,  Samuel  L.  Moore,  of  Sam- 
uel L.  Moore  and  Company.  From  1866  to  1870  he  engaged  in  ma- 
rine practice,  returning  in  the  following  year  to  work  with  bis  father 
in  the  large  machine  shop  and  foundry  of  the  company  at  Elizabeth- 
port,  N.  J.  He  sold  his  interest  in  this  concern,  however,  to  the  Amer- 
ican Shipbuilding  Company  when  the  latter  firm  was  formed,  and 
purchased  a  controlling  interest  in  the  Port  Johnston  Towing  Company 
and  the  Poughkeepsie  Brass  Company,  with  both  of  which  he 
retained  active  connection  until  his  death.  Mr.  Moore  was  greatly 
interested  in  public  aflfairs  and  was  ever  eager  to  adopt  useful  improve- 
ments. 

CHARLES  HILL  MORGAN 

Charles  Hill  Morgan  was  born  January  8, 1831, in  Rochester,  N.  Y. 
His  parents,  Hiram  and  Clarissa  L.  (Rich)  Morgan,  were  of  old  New 
England  stock,  the  line  of  his  father  going  back  to  Miles  Morgan,  one 
of  the  founders  of  Springfield,  Mass.,  who  came  to  this  country  in 
1636,  from  Bristol,  England. 

Mr.  Morgan's  father  having  been  a  mechanic  of  limited  means, 
the  son  Charles  was  obliged  to  work  in  a  factory  at  the  age  of  twelve, 
and  his  early  education  was  that  afforded  by  the  Massachusetts  dis- 
trict school  of  seventy  years  ago,  and  short  terms  in  the  Lancaster 
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Academy.    When  fifteen  he  entered  the  machine  shop  of  his  uncle,  J 
B.  Parker  of  Clinton,  Mass.,  as  an  apprentice. 

At  seventeen  he  determined  to  learn  mechanical  drawing  and 
through  his  efforts  a  class  for  the  study  of  this  subject  was  formed, 
taught  by  John  C.  Hoadley,  late  member  of  The  American  Society 
Mechanical  Engineers,  then  civil  engineer  of  the  Clinton  Mills.  Those 
few  lessons  in  drawing,  taken  at  night,  after  twelve  hours  of  work  in 
the  shop,  were  the  most  important  factor  in  establishing  Mr.  Mor- 
gan's mechanical  career,  and  perhaps  of  several  others  in  that  class*. 

In  1862,  when  twenty-one,  Mr.  Morgan  was  put  in  charge  of  the 
Clinton  Mills  dye-house.  He  devoted  himself  to  the  study  of  chem- 
istry with  great  zeal,  and  filled  his  new  position  with  entire  success, 
gaining  valuable  experience  in  the  management  of  subordinates. 

For  a  time  Mr.  Morgan  was  draftsman  for  the  Lawrence  Machine 
Company.  Later,  from  1855  to  1860,  he  was  mechanical  draftsman  for 
the  distinguished  inventor  and  manufacturer,  Erastus  B.  Bigelow. 
In  association  with  him  and  Charles  H.  Waters,  the  agent  of  the  Clin- 
ton Wire-Cloth  Mills,  Mr.  Morgan  gained  an  invaluable  experience 
and  may  be  said  to  have  been  trained  in  a  hive  of  invention.  Mr.  Mor- 
gan introduced  a  system  of  designing  and  constructing  cam  curves  for 
looms.  This  system  proved  of  great  value  and  was  later  the  subject 
of  a  valuable  paper  read  before  the  Worcester  Polytechnic  Institute, 
and  subsequently  published  by  Mr.  Morgan  in  pamphlet  form. 

Forming  a  partnership  in  1860  with  his  brother  Francis  H.  Morgan, 
he  was  for  several  years  engaged  in  the  manufacture  of  paper  bags  in 
Philadelphia,  and  during  a  part  of  this  time  a  paper  mill  was  operated 
by  the  firm  near  Coatesville,  Pa.  Previous  to  this  time  the  imper- 
fections in  machinery  had  made  paper  bag  making  in  the  United  States 
anything  but  a  success.  Mr.  Morgan  perfected  the  equipment  so 
that  the  business  was  placed  on  a  commercial  footing 

In  1864  Hon.  Ichabod  Washburn  was  in  need  of  a  superintendent 
for  his  works,  for  the  manufacture  of  wire,  at  Worcester,  Mass.  His 
friends  at  Clinton,  engaged  in  the  manufacture  of  machinery  and 
wire-cloth,  warmly  recommended  Mr.  Morgan.  Mr.  Washburn  ac- 
cordingly engaged  Mr.  Morgan  as  superintendent  of  manufactur- 
ing for  the  firm  of  I.  Washburn  and  Moen  of  Worcester,  Mass. 
Four  years  later,  when  a  joint-stock  company  was  organized  and  in- 
corporated under  the  name  of  Washburn  and  Moen  Manufacturing 
Company,  Mr.  Morgan  became  general  superintendent.  He  made 
many  trips  to  Europe  for  the  purpose  of  via  ting  the  mills  of  England, 
Belgium,    Germany,  France   end   Sweden.     Through  these  visits, 
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through  the  publications  devoted  to  wire  manufacturing,  and  through 
patents  issued  both  in  Europe  and  America,  he  kept  himself  informed 
of  all  changes  made  or  improvements  adopted.  The  fruit  of  this  de- 
votion was  seen  in  the  increased  excellence,  variety  and  amount  of 
the  company's  manufactures.  He  was  for  eleven  years  one  of  the 
directors  of  the  company. 

Mr.  Morgan  has  been  most  prominently  identified  with  the  devel- 
opment of  the  continuous  rolling  mill,  and  today  in  steel  centers  the 
world  over  the  continuous  mill  is  known  as  the  Morgan  mill. 

The  first  continuous  mill  was  designed  and  originally  constructed 
by  Mr.  George  Bedson,  in  Manchester,.  England.  One  of  these  mills 
was  pvurchased  by  Washburn  and  Moen  Manufacturing  Ck>mpaDy, 
and  erected  in  Worcester  in  1869,  and  constituted  a  great  advance 
over  the  rolling  previously  practiced.  It  soon  became  evident  that 
the  means  of  handling  the  product  of  the  mill  were  inadequate  and  the 
first  important  step  in  development  was  the  power  reel  designed  by 
Mr.  Morgan  to  replace  the  old-time  hand-operated  reel. 

Mr.  Morgan's  second,  and  very  important  contribution  to  this 
system,  that,  indeed,  which  marked  the  great  difference  between  the 
Bedson  mill  and  the  Morgan  mill,  was  the  practical  development  of  a 
continuous  train  of  horizontal  rolls,  the  Bedson  mill  having  had  alter- 
nate sets  of  horizontal  vertical  rolls.  This  was  accomplished  by  pro- 
viding intermediate  "twist  guides,"  which  gave  to  the  metal  being 
rolled  the  necessary  quarter  turn  between  the  successive  sets  of 
rolls,  and  proved  to  be  so  successful  that  the  Morgan  mill  is  the  only 
type  of  continuous  mill  now  in  use.  Nine  years  after  the  contruction 
of  the  Bedson  mill,  another  mill,  from  new  designs  furnished  by  Mr. 
Morgan,  was  built  on  the  Belgian  and  continuous  plans.  This  mill, 
the  result  of  Mr.  Morgan's  studies,  was  known  as  the  combina- 
tion mill. 

The  third  improvement  was  the  invention,  by  Mr.  Morgan,  of  auto- 
matic reels,  both  of  the  pouring  and  laying  types,  such  as  are  now 
in  common  use  in  every  rod  mill  in  the  world.  These  reels  were  com- 
pleted and  a  successful  test  made  March  10,  1886. 

In  1887,  after  twenty-three  very  active  years  as  General  Superin- 
tendent of  Washburn  and  Moen  Manufacturing  Company,  decliuing 
health  led  Mr.  Morgan  to  resign  his  position,  and  take  up  what  then 
seemed  likely  to  prove  less  arduous  cares. 

Some  years,  before  in  1881,  he  had  founded  the  Morgan  Spring 
(yoinpany,  for  the  manufacture  of  springs,  and  was  thus  the  pioneer  in 
this  line  of  business  which,  at  the  present,  is  engaged  in  by  many  firms. 
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Manufacturers  of  steel  products,  at  this  time  sought  his  advice 
in  engineering  problems,  and  his  reputation  as  an  engineer  was  in 
this  way  widely  extended.  This  work  led  directly  to  the  formation, 
in  1891,  of  Morgan  Construction  Company,  of  Worcester,  manufac- 
turers of  rolling  mill  and  wire  drawing  machinery. 

Mr.  Morgan  was  active  in  religious,  corporate,  charitable  and  educa- 
tional lines  throughout  his  life.  He  was  closely  identified  with  the 
growth  and  success  of  the  Worcester  Polytechnic  Institute,  having 
been  a  member  of  its  Board  of  Trustees  since  the  Institution  was 
founded  about  forty-five  years  ago.  In  this  capacity  he  has  rendered  a 
service  of  signal  importance,  greater  even  probably  in  its  far  reaching 
effect  than  his  achievements  in  the  profession  of  engineering.  When 
inMarch  1866,  the  Hon.  IchabodWashbum  made  his  gift  to  establish  the 
machine-shop  and  working  mechanical  department  of  the  Worcester 
Polytechnic  Institute,  Mr.  Morgan  was  elected  by  the  trustees  as  one 
of  their  associates,  with  the  expectation  that  he  would  give  the  shop 
the  benefit  of  his  great  mechanical  genius  and  large  experience.  The 
expectation  was  not  disappointed.  Mr.  Morgan's  sagacity,  his  con- 
stant oversight,  his  inventive  genius  and  his  great  business  capacity 
were  constantly  at  the  service  of  the  school,  and  the  machine  shop 
has  been  entirely  successful,  recognised  everywhere  as  a  most  im- 
portant and  valuable  part  of  the  Institute. 

In  1893,  Mr.  Morgan  served  on  the  Board  of  Judges  of  the  World's 
Exposition  in  Chicago. 

In  1900  when  the  Navy  Department  was  embarrassed  by  conflict- 
ing commercial  and  political  claims  in  its  award  for  special  gun  lathes, 
Secretary  Folger  nominated  Mr.  Morgan  one  of  the  committee  of 
three  distinguished  engineers  to  pass  upon  the  merits  of  so  vital 
a  question. 

Although  many  years  a  member  of  The  American  Society  of  Me- 
chanical Engineers,  he  was  very  much  surprised,  when  in  Europe  in 

1899,  to  receive  a  cablegram  announcing  his  nomination  to  the  wholly 
unsought  office  of  President.  In  the  following  December  he  was  un- 
animously elected  to  that  office  and  served  for  one  year.    This  year, 

1900,  was  a  notable  one  in  the  life  of  the  Society,  for  a  joint  meeting 
was  held  in  England  with  The  Institution  of  Mechanical  Engineers. 
On  this  trip  three  sovereigns,  Victoria  of  England,  Oscar  of  Sweden 
and  Leopold  II  of  Belgium,  summoned  Mr.  Morgan  to  an  audience. 
In  France  the  unusual  distinction  of  election  to  honorary  member- 
ship in  La  Soci^t6  des  Ingenieurs  Civils  de  France  was  conferred 
upon  him. 


1202  NECROLOGY 

Mr.  Morgan  was  always  an  admirer  of  Henry  Cort,  the  in- 
ventor of  the  art  of  puddling  iron  with  coal  and  of  rolling  metals 
in  grooved  rolls,  and  in  his  Presidential  address  before  the  Society, 
Some  Landmarks  in  the  History  of  the  Rolling  Mill,  he  paid  a 
tribute  to  the  Englishman's  genius.  In  1905  he  had  two  bronze 
tablets  erected  in  memory  of  Cort,  one  of  which  he  presented  to 
the  church  at  Lancaster,  Cort's  birthplace,  and  the  other  to  the 
church  at  Hampstead,  where  he  was  buried.  The  tablets  which  are 
exactly  alike  contain  a  finely  executed  bust  of  Cort  with  an  appro- 
priate inscription. 

At  the  time  of  his  death,  January  10,  1911,  Mr.  Morgan  was  Presi- 
dent of  the  Morgan  Spring  Company  and  the  Morgan  Construction 
Company.  He  was  a  member  of  the  American  Institute  of  Mining 
Engineers,  the  British  Iron  and  Steel  Institute,  The  InstitutioD  of 
Mechanical  Engineers  of  Great  Britain,  the  Engineers'  Club  of  New 
York,  and  an  honorary  member  of  the  Society  of  Civil  EIngineers  of 
France.  He  was  also  one  of  the  founders  of  Plymouth  Church  and 
its  first  Sunday  School  Superintendent  and  for  many  years  served 
on  its  board  of  deacons. 

Chas.  M.  Allen,  George  I.  Alden,  F.  H.  Daniels,  J.  P.  Higgins, 
Geo.  I.  Rockwood  and  C.  J.  H.  Woodbury  were  appointed  Honorary 
Vice-Presidents  to  represent  the  Society  at  the  funeral  of  Mr.  Morgan. 

HUGH  S.  MORRISON 

Hugh  S.  Morrison  was  born  in  Petersburg,  Va.,  July  7,  1877,  and 
died  at  Saranac  Lake,  N.  Y.,  August  3,  1911.  He  was  educated 
in  the  public  school  and  at  the  Virginia  Mechanics  Institute,  Rich- 
mond, whore  for  two  years  he  was  a  student.  He  obtained  his  shop 
experience  at  the  Richmond  Iron  Works,  where  he  was  foreman  of  the 
boiler  shop,  and  at  the  Petersburg  Iron  Works,  Roanoke  Rapids, 
N.  C,  being  in  charge  of  the  outside  construction  work.  In  Jul}'  1898 
he  entered  the  dra\ving-room  of  the  Richmond  Locomotive  WorL^ 
and  later  became  assistant  to  the  superintendent  in  charge  of  the  lay- 
out and  construction  of  the  new  Smith  boiler,  machine  and  special 
shops  and  track  system  in  the  yard.  He  opened  an  office  of  his  oi)Mi 
in  1901,  and  was  for  a  short  time  associated  with  Mr.  Kinderwater. 
During  this  period  he  designed  the  machinery  and  layout  and  the 
Inciting  and  ventilating  systems  for  the  Baughman  Stationery  Com- 
|)any,  as  well  as  the  layout  of  the  entire  building.  In  1903  he  be- 
came a  nienil)er  of  tli(»  iirm  of  ]Myers,  Finney  &  Morrison,  designing 
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and  constructing  special  machinery,  and  was  responsible  for  the 
drawings  and  specifications  for  the  Keely  cotton  compress  for  that 
company,  Chester,  S.  C.  Mr.  Morrison  organized  the  Morrison 
Machinery  &  Supply  Company  of  Richmond,  Va.,  in  1905,  with 
which  he  was  actively  connected  until  his  death. 

JOHN  O.  NORBOM 

• 

John  O.  Norbom  was  born  at  Fredrikssbad,  Norway,  September 
12,  1865.  He  was  graduated  from  the  Horton  Technical  School, 
Horton  navy  yard,  Norway,  in  1883  with  the  degree  of  M.E.,  and  for 
two  years  worked  as  draftsman  at  Fredrikssbad  Mekaniske  Verksted, 
Norway.  Mr.  Norbom  then  came  to  this  country  and  was  employed 
at  the  Risdon  Iron  Works,  San  Francisco,  Cal.,  as  engineer  in  the  min- 
ing department.  In  1895  he  accepted  a  similar  position  with  the  J. 
Hendy  Iron  Works  and  two  years  later  became  manager  of  the  min- 
ing department  of  the  British  Columbia  Iron  Works,  Vancouver, 
B.  C.  He  next  held  the  position  of  mechanical  engineer  in  the  mining 
department  of  the  Union  Iron  Works,  San  Francisco.  From  1901 
to  1903  he  was  consulting  engineer  at  the  East  Rand  Proprietary 
Mines,  Johannesburg,  Transvaal.  After  the  Boer  War  he  returned  to 
his  native  country,  where  he  examined  mines  for  a  London  mining 
syndicate.  In  1908  he  resumed  his  work  in  California  as  mining 
engineer. 

Mr.  Norbom  met  his  death  by  an  accidental  explosion  on  a  ferry- 
boat on  the  Bay  of  San  Francisco,  January  13, 1911.  He  was  a  mem- 
ber of  the  American  Institute  of  Mining  Engineers  and  the  Poly- 
technical  Society  of  Norway. 

JOHN  G.  OULD 

John  G.  Ould  died  at  his  home  in  Brooklyn,  N.  Y.,  on  December 
21, 191 1 .  He  was  bom  April  2, 1863,  in  Falmouth,  England,  and  was 
educated  in  the  private  schools  in  England  and  in  the  Kensington 
Science  and  Art  School.  He  also  took  courses  in  Pratt  Institute  and 
in  the  Polytechnic  Institute  of  Brooklyn,  N.  Y.  During  his  youth 
he  was  an  apprentice  in  the  English  shops  of  A.  &  W.  Robert-son, 
Victoria  Docks,  London,  builders  of  marine  engines;  and  Wadding- 
ton  and  Company,  Liverpool.  In  May  1885  ho  took  the  Board  of 
Trade  examination  for  second  class  engineer,  and  for  the  following 
five  years  spent  most  of  his  time  at  sea.  During  this  period  he  was 
chief  engineer  of  the  steamship  Montana,  sailing  between  England 
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and  Buenos  Aires;  chief  engineer  of  the  steamship  Condor,  cover- 
ing the  same  route;  and  chief  engineer  of  the  steamship  Euxine, 
from  England  to  Constantinople.  In  June  1890  Mr.  Ould  came  to 
New  York  and  obtained  employment  with  Seabury  &  Company  and 
later  with  the  firm  of  Mitchell  and  Boyeson  as  foreman  in  charge  of 
repairs.  He  was  subsequently  engaged  as  assistant  engineer  with 
the  Western  Union  Company  and  with  the  Ball  &  Wood  Company. 
In  February  1897  he  superintended  the  installation  of  the  mechan- 
ical plant  of  the  Polhemus  Memorial  Clinic  and  held  the  position 
of  superintendent  and  chief  engineer  of  that  institution  imtil  the 
time  of  his  death. 

THOMAS  F.  SALTER 

Thomas  F.  Salter  was  bom  in  Prattsville,  N.  Y.,  March  31,  1875, 
and  after  his  graduation  from  the  Syracuse,  N.  Y.,  high  school, 
learned  his  trade  in  the  machine  shops  of  the  Syracuse  Specialty  & 
Manufacturing  Company,  and  through  coprespondence  schools  and 
private  tutors.  The  several  years  following  he  was  employed  by  the 
General  Electric  Company,  Schenectady,  N.  Y.,  and  by  the  Western 
Electric  Company,  New  York  City.  From  1902  to  1906  he  was 
assistant  to  the  executive  engineer  of  the  C.  W.  Hunt  Company, 
West  New  Brighton,  N.  Y.,  being  instrumental  in  designing  ma- 
chinery for  a  number  of  coal-hoisting  installations  for  the  United 
States  Government,  various  railroads,  and  other  users  of  such  appa- 
ratus, and  was  considered  by  them  an  engineer  and  designer  of  unusual 
ability.  He  then  entered  the  employ  of  the  North  Penn  Iron  Com- 
pany, Philadelphia,  Pa.,  as  chief  engineer  and  manager  of  the  shop. 
While  here  he  designed  and  constructed  a  special  20-ton  hand-travel- 
ing crane  for  the  Cambria  Steel  Company,  intended  for  operation  in  a 
building  of  semicircular  form.  He  was  also  responsible  for  three 
5-ton  3-motor  electric  traveling  cranes  for  the  Biu-eau  of  Supplies 
and  Accounts,  Navy  Department,  which  were  erected  at  the  Charles- 
ton Navy  Yard.  At  the  time  of  his  death,  October  25,  1911,  he  was 
manager  of  sales  and  engineering  with  the  Standard  Roller  Bearing 
Company,  Philadelphia,  Pa. 

Mr.  Salter  was  a  member  of  the  New  York  Railroad  Club,  the 
Society  of  Automobile  Engineers,  the  Interurban  and  Street  Railway 
Association  and  the  Sales  Managers  Association. 
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EDWARD  K.  SANCTON 

Edward  K.  Sancton  was  bom  in  St.  John,  New  Brunswick,  June 
11,  1840,  and  served  his  apprenticeship  with  the  Fleming  Foundry, 
machinists  and  engineers.  In  1861  he  left  St.  John  to  enter  the 
employ  of  the  Morgan  Iron  Works  in  New  York  City  and  was  soon 
placed  in  charge  of  the  construction  and  erection  of  the  engines  and 
machinery  for  the  double-turreted  monitor,  Onondago,  on  the  com- 
pletion of  this  work  becoming  foreman  of  one  of  the  departments. 
He  later  became  engineer  on  the  steamship  Fulton,  plying  between 
New  York  and  Southampton,  which  was  the  pioneer  in  the  attempt 
to  establish  a  trans-atlantic  line  under  the  American  flag  subsequent 
to  the  Civil  War.  When  the  steamship  company  failed  to  maintain 
a  profitable  transatlantic  service,  he  returned  to  shop  work  and 
was  employed  by  Fletcher  and  Harrison,  New  York.  During  this 
period  George  W.  Quintard,  former  proprietor  of  the  Morgan  Iron 
Works,  sold  this  estabUshment  and  organized  a  new  marine  engine 
works,  called  the  Quintard  Iron  Works,  of  which  Mr.  Sancton  was 
made  foreman  of  the  machine  department  and  assistant  to  the  manager. 
In  this  position  he  supervised  the  construction  and  erection  of  many 
large  pumping  and  marine  engines.  In  the  year  1881  he  entered  the 
employ  of  E.  D.  Leavitt,  Jr.,  consulting  and  designing  engineer,  Cam- 
bridge, Mass.  This  engagement  was  fruitful  of  an  extended  experience, 
the  inspection  covering  work  constructing  with  the  I.  P.  Morris  Com- 
pany, in  Philadelphia,  the  Dickson  Manufacturing  Company,  Scran- 
ton,  Pa.,  and  others,  resulting  in  the  reorganization  of  the  Dickson 
Company  in  1883  and  in  the  appointment  of  Mr.  Leavitt  as  consulting 
en^neer,  with  Mr.  Sancton  as  assistant  superintendent  and  works 
manager.  He  continued  in  this  position  until  1895  when  he  was 
called  by  Fraser  and  Chalmers,  Limited,  of  Erith  and  London, 
England,  to  assume  the  position  of  general  manager  of  their  English 
works.  In  1910  he  was  appointed  a  director  of  this  company  and 
took  an  active  interest  in  their  affairs  until  his  death  on  December 
26,  1911. 

FRANCIS  SCHUMANN 

Francis  Schumann  was  bom  in  Thuringia,  Saxony,  in  1844,  and 
came  with  his  family  to  America  diu-ing  the  distiu-bances  in  1848. 
Here  he  became  interested  in  engineering  and  served  throughout  the 
Civil  War  as  a  topographical  engineer  on  General  Meade's  staff, 
becoming  engineer  to  the  Treasury  Department  at  Washington  at 
its  close.     Eventually  he  resigned  to  become  president  of  the  Phoenix 


1206  NECROLOGY 

Iron  Works  of  Trenton,  N.  J.,  leaving  there  in  1887  to  found  the 
Tacony  Iron  and  Metal  Company  at  Tacony,  Pa.  During  his  asso- 
ciation with  the  company,  as  its  president  and  general  manager,  the 
tower  of  the  Philadelphia  City  Hall,  including  the  William  Penn 
statue  and  the  smaller  bronze  groups,  many  of  the  United  States 
coastwise  lights,  and  the  ornamental  bronze  work  of  the  Congres- 
sional Library  at  Washington,  were  constructed.  He  later  became 
president  of  the  Pennsylvania  Iron  Works  Company. 

Mr.  Schumann  was  a  past-president  of  the  En^eers  Club  of 
Philadelphia,  the  first  president  of  the  American  Foundrymen's 
Association,  and  a  member  of  the  Franklin  Institute  and  of  the 
American  Institute  of  Architects.  He  was  instrumental  in  found- 
ing the  Tacony  and  the  Pelham  Trust  companies  and  was  vice- 
president  of  each.  He  died  on  June  29, 1911,  at  his  home  in  German- 
town,  after  a  prolonged  illness. 

JOHN  WRIGHT  SEAVER 

John  Wright  Seaver  was  born  in  Madison,  Wis.,  January  8,  1855, 
and  died  in  Cleveland,  0.,  January  14,  1911.  He  was  educated  in 
the  public  schools  of  Buffalo,  N.  Y.,  and  at  thirteen  years  of  age  en- 
tered the  machine  shop  of  the  Shepard  Iron  Works  of  that  city.  His 
technical  education  was  obtained  at  a  night  school  to  which  he  was 
obliged  to  walk  three  miles  from  his  home,  after  working  hard  all 
day. 

In  1873  he  entered  the  machine  shop  of  the  Howard  Iron  Works, 
and  at  the  age  of  twenty  he  was  employed  by  the  Buffalo  Car  Com- 
pany as  assistant  superintendent  in  charge  of  about  one  thousand 
men.  Leaving  there,  he  formed  the  firm  of  Seaver  and  Kellogg 
Company,  where  he  designed  and  built  the  first  steel  cars  in  this 
country.  These  were  not  commercially  successful  as  they  were  too 
far  in  advance  of  their  time.  After  spending  a  year  and  a  half  in 
this  business,  he  became  assistant  engineer  of  the  Kellogg  Bridge 
Works,  where  he  made  structural  iron  his  specialty.  He  began  at 
this  time  to  attract  outside  attention  as  an  engineer.  In  1880  Mr. 
Seaver  moved  to  Pittsburgh  to  become  chief  engineer  for  the  Iron  City 
Bridge  Works,  and  while  in  their  employ  designed  and  built  a  number 
of  notable  bridges  and  other  steel  structures.  In  1884  he  became 
chief  engineer  for  the  Riter-Conley  Manufacturing  Company  and  in 
this  capacity  his  reputation  became  world  wide.  He  designed  and 
built  furnaces,  steel  works,  oil  refineries,  gasometers,  buildings,  bridges 
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and  other  steel  constructions.  He  was  instrumental  in  making  this 
concern  one  of  the  greatest  of  its  kind  in  the  world.  In  1886  he  united 
with  S.  T.  and  C.  H.  Wellman,  to  form  the  Wellman-Seaver  Engineer- 
ing Company,  later  known  as  the  Wellman-Seaver-Morgan  Company. 
While  with  this  company  he  was  vice-president  and  chairman  of  the 
board,  and  was  a  director  at  the  time  of  his  death.  In  1906  Mr. 
Seaver  associated  himself  with  J.  E.  Moore,  consulting  and  contract- 
ing engineers,  and  opened  oflSces  in  Cleveland,  0.  He  continued  in 
this  work  until  his  death. 

Mr.  Seaver's  engineering  experience  was  most  varied,  including  the 
civil,  mechanical,  marine  and  mining  branches  of  the  profession. 
While  in  Buffalo  he  designed  and  built  many  large  marine  engines, 
among  the  most  prominent  of  which  was  that  for  the  steamer  Great 
Western  a  remarkable  vessel  at  that  time.  He  designed  and  built 
the  first  gantry  crane  used  in  this  country  and  also  the  first  steel 
cars.  He  was  authority  on  structural  steel  construction  of  all  kinds, 
as  well  as  material  handling,  steel  and  iron  manufacturing  and  coke 
oven  machinery,  and  compiled  the  first  standard  steel  railroad  bridge 
specification,  which  was  adopted  by  some  of  the  large  raikoad  com- 
panies. 

Mr.  Seaver  was  a  member  of  the  American  Society  of  Civil  Engi- 
neers, the  Cleveland  Engineering  Society,  and  of  many  business  and 
social  organizations. 

OLIN  AMES  STRANAHAN 

Olin  Ames  Stranahan  who  was  born  in  Litchfield,  Ohio,  on  July 
18,  1866,  died  in  New  York  City  on  September  8,  1911.  Mr.  Strana- 
han received  his  education  at  the  Case  School  of  Applied  Science  in 
Cleveland  and  at  Cornell  University,  from  which  he  was  graduated 
in  1890.  Upon  graduation  he  entered  the  employ  of  Westinghouse, 
Church,  Kerr  &  Company  at  Chicago,  working  up  through  their 
various  departments  to  the  position  of  chief  engineer  of  their  Chicago 
oflSce.  When  the  British  Westinghouse  Electric  and  Manufacturing 
Company,  Ltd.,  was  formed  in  1900,  Mr.  Stranahan  was  placed  in 
charge  of  their  engine  business,  resigning  in  1905  to  accept  the  posi- 
tion of  manager  of  the  power  department  of  the  Allis-Chalmers  Com- 
pany, Milwaukee,  Wis.,  shortly  afterward  becoming  general  sales 
manager.  In  1907  he  joined  the  Westinghouse  Machine  Company 
^\^th  headquarters  in  New  York,  having  charge  of  gas  engine  sales 
and  special  power  installation,  and  two  years  later  took  over  the 
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charge  of  the  export  machinery  department  of  the  John  Deere  Export 
Company  of  New  York.  At  the  tune  of  his  death  he  was  general 
manager  of  the  General  Reduction,  Gas  and  By-Products  Company 
of  the  same  city. 

Mr.  Stranahan  specialized  during  most  of  his  professional  life  in 
gas  engines  and  was  the  owner  of  several  valuable  patents  applying 
to  gas  engines  and  producers,  and  had  a  wide  acquaintance  in  his 
own  country  and  abroad.  He  was  a  member  of  the  Western  Society 
of  Engineers,  the  Elngineers  Club  of  New  York,  and  the  Ehigineers 
Technical  and  Chicago  Athletic  Clubs  of  Chicago. 

JOHN  TURNER 

John  Turner  was  bom  May  8,  1846  at  Cornwall,  England,  and  six 
years  later  moved  with  his  family  to  this  country,  settling  in  Michi- 
gan where  his  father  became  a  mine  contractor.  He  received  his 
early  education  in  the  schools  of  Dover,  N.  J.,  and  in  1863  entered  the 
machine  shop  of  Hewes  &  Phillips,  Newark,  N.  J.,  where  he  served  Us 
apprenticeship  and  later  became  erecting  en^eer.  In  this  capacity 
he  was  associated  with  the  Watts  Campbell  Company,  Newark, 
after  which  he  became  superintendent  of  shops  for  Boone  &  Perez, 
Brooklyn,  N.Y.  From  1874  to  1885  he  acted  as  chief  engineer  at 
the  State  Asylum,  Morris  Plains,  N.  J.,  leaving  there  to  take  charge 
in  the  same  capacity  of  the  Peerless  Steam  Power  Company.  In 
1887  he  became  chief  engineer  of  the  College  of  Physicians  and  Sur- 
geons, New  York,  and  in  1890  superintendent  of  central  station 
construction  for  the  General  Electric  Company,  having  entire  charge 
of  the  construction  of  the  underground  system  for  the  Cincinnati 
Edison  Station  and  the  Cleveland  General  Electric  Company.  In 
1894  he  became  supervising  engineer  on  the  construction  of  the  Amer- 
ican Surety  Building  and  later  became  its  chief  engineer  for  a  period 
of  three  years.  Subsequently  he  was  associated  with  Sanderson  & 
Porter,  contracting  and  consulting  engineers,  for  whom  he  built  the 
electric  light  and  railway  plants  at  Far  Rockaway,  and  the  lighting 
plants  at  Tuxedo  and  Peekskill,  N.  Y.  In  1901  he  became  super- 
intendent and  chief  engineer  of  the  American  Bank  Note  Company., 
and  from  1907  to  the  time  of  his  death  on  September  12,  1911,  acted 
in  tlie  same  capacity  at  the  Bishop  Building. 
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EVERETT  HANSON   WHITE 

Everett  Hanson  White  was  born  May  26,  1872  at  Barre,  Mass. 
He  received  his  early  education  in  the  public  schools  of  his  native 
town  and  in  1888  entered  the  employ  of  the  Putnam  Tool  Company, 
Fitchburg,  Mass.,  taking  three  years'  special  training  in  the  shop. 
He  became  connected  with  the  Houston  Electric  Company  and  later 
accepted  a  position  with  the  Wire  Goods  Company  of  Worcester, 
Mass.,  and  with  Pliunmer,  Ham  and  Richardson  of  the  same  place. 
In  1899  he  entered  the  employ  of  the  Locomobile  Company  of  Amer- 
ica as  draftsman,  and  at  the  end  of  eight  months  was  promoted  to 
the  position  of  chief  draftsman  at  the  Bridgeport,  Conn,  factory  where 
he  also  had  charge  of  the  experimental  department.  He  designed 
their  1902  Touring  Carriages  and  Worcester  engine  which  developed 
7^  h.p.  and  weighed  but  45  lb.  In  1903  Mr.  White  accepted  a  posi- 
tion with  the  Eaton,  Cole  and  Bumham  Company,  of  Bridgeport, 
later  controlled  by  the  Crane  Valve  Company  of  Chicago,  and  was 
then  made  consulting  engineer  of  the  company.  In  1905  he  entered 
Sheffield  Scientific  School  of  Yale  University  and  completed 
the  four  years'  course  in  one  year.  He  died  January  12,  1911,  at 
Bridgeport,  Conn. 

DWIGHT  B.  WILSON 

Col.  Dwight  B.  Wilson,  who  died  at  Denver,  Colo.,  on  March  7, 
1911,  was  born  at  Lewiston,  Me.,  on  May  5,  1848,  and  received  his 
technical  education  at  the  Holmes  Commercial  School  in  Boston, 
Mass.  During  the  Civil  War  he  served  under  Greneral  B;  F.  Butler 
as  a  private.  In  1880  he  removed  to  Colorado  where  he  engaged  in 
construction  work,  and  in  1895  was  appointed  conunissioner  of  high- 
ways in  Denver.  In  1899  he  entered  the  employ  of  the  Denver  City 
Tramway  Company,  as  superintendent  of  power.  One  of  his  notable 
achievements  during  the  twelve  years  of  his  service  was  the  erection 
of  a  new  power  station  costing  $1,500,000. 

Mr.  Wilson  was  a  member  of  the  National  Association  of  Station- 
ary Engineers. 

EDWARD  B.  YARYAN 

Edward  B.  Yaryan  who  was  bom  in  Toledo,  Ohio  on  April  10, 
1881,  died  in  that  city  on  April  28,  1911.  Mr.  Yaryan  began  his 
professional  career  in  1896  with  the  Toledo  Heating  and  Lighting 
Company  as  a  steam  engineer.    From  1900-1902  he  was  manager 
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of  a  central  station  at  Evanston,  111.,  and  was  at  the  same  time  em- 
ployed as  superintendent  of  construction  for  the  Oak  Park  Yaryan 
Company  of  Oak  Park,  111.  The  following  year  he  re-entered  the 
service  of  the  Toledo  Heating  and  Lighting  Company  as  its  superin- 
tendent, leaving  there  in  1906  to  become  vice-president  of  the  Mac- 
laren  &  Sprague  Lumber  Company  of  Toledo.  In  1908-1909  he 
became  superintendent  of  the  Yaryan  Process  Company  of  the  same 
city,  and  in  the  following  year  of  the  Yaryan  Naval  Stores  Company, 
in  the  service  of  which  latter  firm  he  later  went  to  Gulf  port,  Miss., 
where  he  remained  until  shortly  before  his  death. 
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Engineer  and  the  Future.  The,  E.  D.  Meier 49?. 

Engines 

0/7  Engines,  H.  R.  Setz S5T 

Test  of  an  80-H.P.  Oil  Engine,  Fobrest  M.  Towl 0<r> 

Ennis.  Wm.  D.    Design  Constants  for  Small  Gasolene  Engines 927 

Exhauster  in  dust-eliminating  plants 718 

IJxpenfir  Burden:  Its  Incidencr  and  Distribution,  Sterling  H.  Bunnell,  53r> 
Distribution  by  proix)i*tiou  over  the  cost  of  products;  ratio  of  dire<^t 
and  indirect  expenses,  real  meaning  of;  method  of  establishing 
correct  distribution :  distribution  per  productive  unit. 
Discussion :  H.  F.  Stimpson,  Benj.  A.  Franklin,  H.  K.  Hathaway. 
Wm.  Kent.  Harrington  Emerson,  Closure 547 

Fan  Chimneys,  nio.isuriug  discharge  from  by  Pitot  tube 1153 

Farm  Tractor.  Tlic  Economic  Importance  of  the.  L.  W.  Elus 109 

Feed  apparatus,  jrraduated.  for  large  boilers ,*S01 
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Ilydranlic,  Barthold  Gebdau  and  George  Mesta 469 
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FrEt.  Oil 

Fuel  Oil,  Topical  Discussion  on,  A.  F.  L.  Bell,  C.  F.  Wieland,  J.  N. 
LeConte,  C.  U.  Weymouth,  A.  M.  Hunt,  K.  G.  Dunn,  H.  Still- 
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Furnace  Arrangement  for  Fuel  Oil,  C.  R.  Weymouth .30 

Gas  Engines 
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Gasolene  Engines,  Design  Constants  for  Small,  Wm.  D.  Ennis 927 
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Heat,  in  the  discharged  clinker,  utilization  of 175 

drop  per  stage  in  comi)ound  steam  turbines 327 
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C.  Day r,81 
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gears ;  bobbing  process ;  Wuest  gears ;  conditions  of  interchange- 
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Discussion :  F.  E.  Rogers,  L.  D.  Burungame,  F.  DeR.  Furman, 

W.  C.  Brown,  Closure 711 

Hobbing  process,  advantages  and  defects 689 
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cutters. 
Discussion:  Jou^'  Pabkeb.  A.  F.  Mubbay,  W.  S.  Huson.  P.  V. 
Vernox,  Closure 278 
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Oil  burners,  types  of 87,  94 

Oil,  crude  California,  lnilei>endence  of  caloric  value  from  liydrogen  and 

carbon  content <>8 

extractable    29 

Oil  Engines^  H.  R.  Setz 857 

Vaporizing  and  mixing;  Diesel  engine;  American  Diesel  engine; 
Sabath^  engine;  De  La  Vergne  engine;  air  supply;  Trinkler- 
Koerting  engine;  Haselwander  engine:  Setz  engine;  Diesel 
engine  and  other  prime  movers  compared. 

Oil  Engines,  Symposium  on,  H.  R.  Setz,  Forrest  M.  Towl 857 

Discussion :  C.  E.  Sargent,  A.  J.  Frith,  Wm.  Sangster,  L.  K. 
DoELLiNO,  C.  W.  Baker,  L.  B.  Lent,  H.  J.  Freyn.  E.  D.  Drey- 
fus, Closures 915 

Oil  Fuel  for  Steam  Boilers,  B.  R.  T.  Ck)LLiNS 83 

Advantages  and  disadvantages  of  oil  fuel ;  principles  involved  in  effi- 
cient oil  burning;  types  of  oil  burners;  method  of  Installation; 
tests  of  oil-lmmlng  boilers;  relative  cost  of  oil  and  coal. 
Discussion:  E.  H.  Peabody,  M.  H.  Bronsdon,  D.  S.  Jacobus,  S.  F. 

MclNTosH,  B.  R.  T.  Colons,  C.  F.  Dietz,  J.  C.  Riley 103 

Oil  storage  on  ships 60 

Organization  of  worlvs  making  and  assembling  small  interchangeable 
parts km;,   234,  239 

Parallel  operation  of  blowers 398 

Parsons,  H.  de  B.    Standard  Cross-Sections 661 

Patents  on  scientific  instruments 511,  529 

Peabody  oil  furnace 40,  10*J 

Petroleum  on  Pacific  Coast,  The  Prodmtion  of.  A.  F.  L.  Bell 27 

Piec^-ework  system  of  iwyment  in  the  manufacture  of  small  interchange- 
able parts 204 

Pitot  Tul)e  on  High  and  Ix)w  Air  Velocities,  Some  Experiences  with  the, 

Frank    H.   Knkeland 1137 

Portland  cement,  definition 133 

Power,  mechanical,  available  in  coal  and  dynamite,  compared 145 

Power  TransmLssion,  Variable-Speed,  (J.  H.  Barrus  and  C.  M.  Manly.  .  851 
Power  Forging,  icith  Special  Reference  to  Steam-Hydraulic  Forging 

Presses,  Barthold  Gerdau  and  George  Mesta 469 

Steam  hammer  and  press  compared ;  steam  consumption  of  either, 
and  of  the  direct-acting  steam  hydraulic  press. 

Discussion :  J.  I.  Rogers,  W.  E.  Hall,  Ctosure 477 

Power  and  Heat  Distribution  in  Cement  Mills,  L.  L.  GRirriTHS 165 

Power  production  by  total  or  partial  combustion  of  fuel ;  description 
of  power  installation  and  mill  arrangement  in  five  plants. 
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Pressure  Drop  in  (Compound  Steam  Turbines,  Energy    and.  Forrest  E. 

Carduli-o 325 

Pressure-Recording   Indicator   for    Punching   Machinery,   Gardner    C. 

Anthox Y  360 

Description  of  the  device  and  shearing  punch  used;  specimen  dia- 
grams from  recorder ;  eflFect  of  time  and  clearance  on  maximum 
stress;  description  of,  and  data  from,  supplemental  tests. 

Discussion :  R.  C.  Carpenteb,  Julian  Kennedy,  Closure 379 

Pressure-Temperature  Relations  of  Saturated  Steam,  The,  Lionel  S. 

Marks    351 

Holborn  and  Baumann  investigation  of  pressure  temperature  rela- 
tions of  saturated  steam,  and  other  investigations  compared; 
Thiesen  equation  and  the  Holbom  and  Baumann  modification  of 
it;  Van  der  Waals  equation  of  state  and  its  applicability  to  vari- 
ous gases;  the  author's  equation  and  the  principles  underlying 
its  derivation;  agreement  of  this  equation  with  experimental 
results. 

Discussion :  W.  D.  Ennis,  R.  C.  H.  Heck,  Closure 3G3 

Process  of  Assenihling  a  Smnll  and  Intricate  Machine.  The.  Halcolm 

Ellis 211 

Ellis  adding- type  writer;  designing  the  machine  to  secure  rapid  as- 
sembly; production  of  parts;  assembling  sections  of  the  ma- 
chine; and  complete  machine. 

Producer  Oas  from  Crude  Oil,  E.  C.  Jones (»3 

Protection  of  Laborers  from  Accidents  and  Injury  to  Health  in  Cement 

Plants,    Otto    Sciiott 72r» 

r)escription  of  the  German  practice. 

Psv'hrometric  Formulae,  Rational.  Willis  H.  Carrier 1(KC. 

Pulsations  in  air  compressor,  effet^t  of  on  cooling  chambers 3rM> 

Piiinps  with   herringbone  gear  drive 707 

Pimchinjr   Machinery,   Pressure-Recording    Indicator    for.    Gardner    C. 

Anthony   3*>0 

Purchase  of  Coal.  The.  D\\  m,ii  r  T.   Raxdalf 313 

Relation  of  n"«]ity  to  results:  methods  of  sampling:   the  selection 
of  coal:  si)eciflcations  for  coal. 
Dlsonssioii :  C.  W.  Rice.  Charles  Whiting  Baker.  R.  C.  Carpen- 
ter, W.  F.  M.  Goss,  E.  D.  Meier,  E.  W.  Rutherford.  Perry 
Barker 320 

Qtunititi/  Manufacture  of  Small  Devices,  F.  P.  Cox 233 

Orgaiii'/jition  for  quantity  manufacture  of  small  devices. 

Radiation    losses  in  boilers <>24 

Rake,    virtual 26n 

Randail.  D wight  T.     The  Purchase  of  Coal 313 

lidtiunul    rsifchroiiKlrif   Fnrniuhir,    Wn.T,!.s    11.    Carkifu ^^^'^ 

Air  conditioning,  definition  and  scope;  psychrometric  charts:  vai>or 
pressure  and  law  of  partial  pressures;  partial  saturation;  dew- 
|K)int:   methods  of  measuring  ntmosplieric  humidity:  psy«hrnni- 
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etrlo   priiioiplen ;    ratiouni    psyohronietric    formulae;    Baturatlon 
curve  and  vapor  pressure;  total  heat  curve. 
Discussion:  R.  C.  Carpent>jj,  L.  S.  Marks,  O.  P.  Hood,  G.  A. 

GooDENouoH,  R.  C.  H.  Heck,  Thos.  M.  Gunn.  Closure 1039 

Reciprocating  Blant-Furnace  Blotcing  Engines,  W.  Tbinks 427 

Historical  sketch;  valves  and  valve  gears;  clearance  space. 

Discussion :  E.  T.  Child,  F.  E.  Cardullo,  Closure 463 

Repobts 

Annual  Report  of  Council 8 

Committee  on  Identification  of  Power  House  Piping 17 

Research  Committee 12 

Reynolds.  Filvnk  W.    The  Development  of  the  Textile  Industries  of 

the   United  States 971 

Rice,  Richard  H.    Commercial  Application  of  the  Turbine  Turbo-Com- 
pressor    381 

Rod  mills  with  herringbone  gearing 706 

Rolling  mills  with  herringbone  gearing 706 

Rolls  (stone  crushing) ,  power  requirements 161 

Sand-Blasting  Machine,  Tests  of  a,  Wm.  T.  Magruder 821 

Sands,   colloidal    reading   of 705 

fineness  of 773 

Saturated  Steam,  The  Pressure-Temperature  Relations  of,  Lionel  S. 

Marks    351 

Sktz,  II.  R.     Oil  Engines 857 

Shafting  bearing  for  textile  machinery 080 

So7n€  Experietirrs  with  the  Pitot  Tube  on  High  and  Low  Air  Veloci- 
ties,   Frank    H.    Knket.axd 1137 

Experimental  plant;  Pltot  tubes:  United  States,  Gebhardt  and  Tay- 
lor;  formulae  for  the  Pitot  tube:  use  of  Pltot  tuiu»  in   mines; 
measuring  discharge  from  fan  chimneys. 
Discussion:   G.  F.   Gphihardt,  R.   C.  Carpenter,   W.   H.   Carrier, 

D.  W.  Taylor,  Closure 1166 

Some  Prohlems  of  the  Cement  Induf^try.  \V.  S.  Landis 138 

Definition  of  Portland  cement;  grinding  of  raw  material;  crushers; 
drying  the  product  of  gyratories:  fine  grinding  mills;  mixing; 
kilns;  disposition  of  dinlcer;  power  requirements. 

Spray  system.  dire<'t.  in  dry  bln^t  plants 1132 

Stacks,  Size  of,  with  Fuel  Oil,  K.  G.  Dunn 46 

Standard  Cross-Sections,  11.  de  B.  Parsons 561 

Discussion :  F.  DeR.  Firman.  Closure 5G3 

Strain  Rollers  under  Hydrostatic  Pressures,  Strain  Measurements  of 

Some,  James  E.  Howard 639 

Steam  hammer,  advantages  of 469 

steam  consumption 471 

Steam  hydraulic  press,  direct  acting,  steam  consumption 476 

Steam  (percentage  of  evaporation)   for  burners  (oil) 45 

Stkam  Turbines 

Energy  and  Pressure  Drop  in  Compound  Steam  TurbUies,  Forrest 
E.    Carduixo 326 
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Stillman,  Howabd.    Locomotive  Practice  in  the  Use  of  Fuel  Oils 47 

Strain  Measurements  of  Some  Steam  Boilers  under  Hydrostatic  Pres- 
sures. James  E.  Howard 639 

Arrangement  of  tests;  strain  gage;  tangential  extensions;  strains  in 
various  seams;  tests  of  boiler  supports. 

Discussion :  F.  B.  Alijdn,  Closure 678 

Stresses  in  Tubes,  Reid  T.  Stewabt 305 

Apparent  theoretical  stresses  in  the  wall  of  a  tube  exposed  to  ex- 
ternal fluid  pressure;  apparent  stresses  in  a  tube  annulus  com- 
pared with  those  in  a  column  or  strut ;  the  author's  formulae  fc»r 
collapsing  pressure  of  steel  tubes,  and  their  verification. 

Sunday  work  in  cement  mills 184 

Symposium  on  Cement  Manufacture,  see  Cement  Manufacture. 
S3rmi>osium  on  Interchangeable  Parts,  see  Interchangeable  Parts. 
Symiwsium  on  Oil  Engines,  see  Oil  Engines. 

Telescope,  The  Turret  Equatorial,  James  Hartness 499 
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In  textile  plants 982,  994 
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Test-gages  225 

Testing  milling  cutters,  method  of 278 
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